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PRE FACE

This study has been prepared as a sequel to earlier work by OECD
on the economic and manpower aspects of education. When, in the
beginning of the 1960' s, the OECD Directorate for Scientific Affairs
came to be heavily engaged in the launching of the economics of educa-
tion, its work was more particularly concerned with operationalizing
the quantitative link between enonomic growth and educational expansion
paterns. One of the more imrortar+ constraints during those years
was the lack of adequate data. As the work of the OECD expanded in
scope to include the whole area of educational planning and policy, the
emphasis on the economic and manpower dimension became relatively
less strong. At the same time more information was becoming avail-
able on occupational and educational structures of the labour force in
various countries. In spite, therefore, of the widening scope of OECD
interests in the educational field, it was nonetheless felt that it would
lot be inappropriate, after the crude and speculative work of some
years ago, to revisit certain aspects of that work now that more data
are finally available. It vr-s this consideration that lay behind the de-
cision to undertake the present study. In the final chapter of the main
analysis (Chapter )0,CIV) the relevance of the study is considered in the
wider perspective of educational planning and policy.

The source material and data which served as the basis of the
present study have been published separately under the title "Statistics
of the Occupational and Educational Structure of the Labour Force in
53 Countries" (OECD,Paris, 1969), and the analysis presented here should
therefore he considered as a companion -volume to this earlier publi-
cation.

A first draft of this study was discussed by a group of experts who
have been following OECD/ s work in the field of education since the
beginning. Four of them have been good enough to write up their criti-
cal observations on the first draft, and these have been included in the
present publication.

The study is published in two volumes. The first volume contains
the main analysis am( the critical comments by Mary Jean Bowman,
Mark Blaug, Josef Steindl and Jef Maton. The second volume contains
a discussion on classification and aggregation problems, supplementary
.malyses of the data and a listing of all the observations used in the pres-
ent analysis (Annexes A to 1-1).

This work was initiated and directed by Louis Eminerij. The bulk
of the work has been carried out by Jean-Pierre Jallade, who can be
considered as the major author of the study. Claes Croner has made
important contributions to Part II of the first volume.
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Part One

GENERAL INTRODUCTION AND PRESENTATION



OBJECTIVES AND !TJOFT OF THE STUDY

This study aims at elucidat ig the factors which determine the
occupational and educational structure of the labour force. It does so
at a rather high level of aggregation, using data drawn from the latest
population censuses of up to 45 Member and other countries. It can,
therefore, also be considered as bearing on the relevance of interna-
tional comparisons to the manpower aspects of educational planning.
There is no need to set out once more the multiplicity of objectives
which the educational system has to serve, and the numerous aspects
- social, economic, cultural which educational planning bas to cover.
If therefore, the present analysis does not deal with the social objec-
tives of education, curriculum reform, pre-school education, etc., it
is not because these aspects are considered as unimportant, but be-
cause the study has been focused on another important topic, a topic,
moreover, which has been one of the more hotly debated issues in
discussions on educational planning.

ECONOMIC OBJECTIVES OF EDUCATION

One of the external factors which govern - or should govern - the
pattern a educational expansion consists of the requirements of quali -
fie d manpower which industrial and technological development imposes
upon the educational system. These are the economic objectives of
education in the context of the present study. They have quantitative
as well as qualitative implications for the educational system. Not only
should certain traes of personnel be supplied in increasing or decreasing
numbers, but their quality should be in line with the changes in the eco-
nomic and technological environment. This study is concerned with
the quantitative aspects only. Moreover, given the scope of the census
data, it has only been possible to deal with the formal educational at-
tainments of the labour force, to the exclusion of qualifications obtained
through channels other than the formal educational system.

The method which has normally been used to quantify the economic
objectives of education is the so-called manpower approach. This ap-
proach, at least as it has usually been applied, has been criticized
owing, among others, to the wide margins of error which can be ex-
pected in the present state of knowledge and techniques. Some authors
suggest an alternative method - the so-called rate-of-return approach.*

* Fcc a critical survey of the various methods and approaches, see C. Arnold Anderson and Mary
jean Bowman. "Thecsetical Considerations in Educational Planning", in Educational Planning (D. Adams.
ado, Syracuseilniversity Press, 1964. We will come back to this article in the final Chapter of this study.
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It should be noted, however, that this method does not strictly quantify
the economic objectives of education. It does, of course, take account
of the economic dimension as reflected in relative costs and prices for
training the various types of manpower; and it allows one to say, withi
the usual reservations, whether in the short run one is investing enough,
too little or too much in the various types of education. Rather than
being competitive, these two approaches should be considered as com-
plementary.*

As is well known, the OECD has done or stimulated, since the
beginning of this decade, a certain amount of methodological as well
as operational work in the field of the manpower approach to quantify
the economic objectives of education (and not in the field of manpower
approach to educational planning, as some insist on calling it). This
work was mainly carried out in connection, first, with the Mediterranean
Regional Project, and, later, with the OECD' s Latin-American Project
financed by the Ford Foundation.**

The manpower approach to quantifying the economic objectives of
education was first dealt with in a comprehensive manner by I-I. S. Parnes
in his methodologIcal statement, Forecastin Educational Needs for
Economic and Social Development. The method was tested empirically
in the six country reports of the first stage of the Mediterranean Re-
gional Project. In the light of this experiment, a critical evaluation
was made by the OECD of the manpower approach methodology as first
conceived by Parnes and others.***

The rate-of-return approach has crept into the OECD' s work from
time to time, but has never succeeded in gaining a firm foothold. ****
As its name suggests, this approach consists of quantify the cost and
benefit flows of additional years of formal schooling and calculating the
rate of return on the investment required for the additional schooling.
There are a certain number of conceptual and technical difficulties in-
herent in this approach.***** On the other hand, it has the obvious
conceptual advantage of trying to introduce cost-benefit analysis, 'without
which most of the projections resulting from the manpower approach are
rather devoid of (economic) meaning. These two approaches have been
tried out by different people, and this has resulted in a certain number
of misundersta.ndings. In the final chapter of this document, we shall
come back to the problem of combining the two approaches. Until then,
however, the analyses will focus exclusively on certain aspects of the
manpower approach.

See, far example, M. Blaug, "Approaches to Educational Plarming", Economic Journal,

June 1967,
On the Meditratanean Regional Project, see H.S. Parries, Forecasting Educational Needs for

conornic and Social Development, OECD, 1962; R.. Hollbter. A Techaical Evaluation of the First

Phase of the Mediterranean Regional Projec ozcD, 1966; see also the six volumes of country repats:

recce, Itallairtgal._Turkey and Yugoslavit. OECD, 1965. As regards the OECD's Latin-

& serican Project, see, e.g. Education Human Resources and Development in Arpearina (2 vol.).

OECD, 167.
' R. Hollister, op. cit.

See, for example, The Resiclitc.: and Economic Growth OECD, 1964, Also M. Blau&

M. H. Peston, A. Zidetman, "The Utilisation of Qualified Maupower in Industry". in PolicyCsere

on Highly-Qualified Manpower, OECD, 1967,
See, for example, S. Merrett. "The Rat3 of Return to Education: a critique", Orfaci Eccuomic

Papers, November 1966.
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2. MANPOWER APPROACH
AND INTERNATIONAL COMPARISONS

The manpower approach to the qual £cation of the economic ob-
jectives of education starts with projectlens a output, productivity and
employment by sector of economic activity, goes on with the projection
o: the occupational structure of sector employment, its translation into
educational equivalents, and ends by calculating the number of new en-
trants by level and type of education required for the labour force during
the projection period. The methodology used so far, including the OECD
one, is a multi-stage approach as opposed to a simultaneous and optimal-
solution approach as suggested, for example, by the models of Benard,
Adelman and Bowles.*

In this context, the multi-stage approach means that the production
function (with the two traditional factors of production, capital and la-
bour) has already been decided upon when the manpower-educational
plamier comes on the scene. The production function which is being
used does not interest us for the moment; it may be the old Cobb-
Douglas production function with an elasticity of substitution equal to I;
it may be the Leontief production function with 0 elasticity of substitu-
tion, or some kind of a CES production function with an elasticity of
substitution equal to n. The important point is that, in one way or
another, the amounts of output, capital and labour have been fixed be-
fore the manpower planner starts on his work. Those who work with
Leontief concepts at this stage are closest to the manpower projection
methods as used at present. Indeed, the manpower planner maintains
that, once he knows the production function, and thus output, labour
and productivity, he will be able to determine the occupational and
educational structure of that (already fixed) labour force at the level of
technology implicit in the production function. He, therefore, assumed
complementarity and technological relationships - a Leontief universe.
Clearly, therefore, all the problems around substituting capital for la-
bour, and vice versa, are being disposed of during the first stage, and
the manpower planner has to accept this as a datum, although he may
be able to show later that certain constraints had been overlooked by
the economic planners.

But though the manpower approach as currently practised consists
of a series of successive approximations, one could very well imagine
a simultaneous solution applied to it, as long as one is prepared to
draw the theoretical consequences from such a procedure. As men-
tioned above, this method assumes complementarity between the various
aspects of the traditional production function and the types a labour.
The procedure of successive appro:dmations is only intended to explore
various alternatives and to re-introduce in this way partial substitution
possibilities by trial and error. But at its extreme, the method consists
in assuming that to each vector of final demand correspords one, and
only one, occupational and educational structure which fulfils the condi-
tion of a simultaneous solution.

* Jean Benard, "General Optimizatice Model for the Economy and Education", in Mathematical
Modell in Educational Plannils, OECD, 1967; Samuel S. Bowles, The Efficient Aliation of Resources
in Education: a Planning model with Applications to Nxthern Nigel% Harvard University, 1965; Irma
Adelman, "A Linear Programming Model of Educational Planning: a Case Study of Argentina", in The
Them)! and Design of Economic Development (Irma Adelman and alk Thorbecke, ed.), Baltimcre,

1966.
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However this may be, the above discussion clearly points to the
importance of examining the values of the occupational and educational
input coefficients and their evolution according to the prevailing level
of economic and technological development. In the literature on the
subject, three basic methods are advocated to project the occupational
structure by sector of economic activity: (1) extrapolation of past
trends, (ii) international comparisons, and (iii) inter-firm compari-
sons.* The conversion of the projected occupational structure into
educational equivalents is definitely the most difficult step of the man-
power approach, and the methods used so far have been a vague mixture
of international comparisons, extrapolations and more or less informed
guesses.

Given the almost general absence of sufficiently long time-series
concerning the occupational and educational structure a the labour
force and of detailed data on individual firms, it has been mainly the
international comparisons which have served as a guide for estimating
the changes in the occupational and educational structures. Information
on the international level has also been rare until very recently, and
frequently the projections were made by comparisons with one or two
other countries only.

It is therefore not difficult to understand that the manpower approach
to quantifying the economic objectives of education has been under heavy
fire because of alleged unreliable and sometimes even contradictory re-
sults.

3. SCOPE OF THE STUDY

In order to get a clearer insight into the usefulness of international
comparisons for purposes of manpower projection, a great effort was
undertaken to collect data on the occupational and educational structure
of the labour force for as many countries as possible.** In this way
information was obtained - in more or less detail - for 53 countries
dravvn from the latest round of Censuses, i. e., for the years 1960 and
1961. The very difficult problems of classification and aggregation
which have arisen are dealt with in Annex A. With this amount of in-
formation (although, of course, the number of observations varies
according to the level of aggregation), it has become possible in prin-
ciple to test systematically whether there are any significant relation-
ships between the occupational and educational structures of the labour
force, on the one hand, and indicators reflecting the level of economic
and technological development, on the other.

More generally, an attempt can now be made to exarnh,e which
factors, includ'ng other than economic variables, influence the occu-
pational and educational structure of the labour force. The aim of the
present study is, therefore,= to identify the factors -which govern the
evolution of the skill structure of the labour force, and to attempt to

See for example, L. Emmetil and H. Thies, "Projecting Manpower Recpirements by Occu-

pation"2 La Leona= and Methosiol "cal Esse s on Educa anal Plannin , OECD, 1966.
** This data collection project has been carried out jointly by the OECD's Dimon:sate for

Scientific Affairs and the Unit kr Etonomic and Statistical Studies on Higher Education of the London

School of Economics. The results ate published by the OECD undm the title Statistics of the Occupa-
tional and Educational Structure of the Labour Force in Fiftree Counales, OECD, 1969.
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quantify the impact of each of those factors. In this way, some light
can be thrown on the possibilities and the limitations of an international
comparison approach (based on census material) to the economic and
manpower aspects of educational planning. Indeed the information avail-
able makes it possible to indicate with a certain degree of precision to
what extent international comparisons based on census data can be used
with a minimum of reliability, and to what extent their use could result
in an error. Because of the indiscriminate way in which international
comparisons are handled by manpower and educational planners (fre-
quently due to lack of alternative data and/or techniques), the results
of this study will be of obvious importance. Because of the mass of
various types of data now available from the statistical document men-
tioned above,* no exhaustive analysis of all the aspects covered by these
data has been aimed at. The analysis presented in Parts Two, Three
and Four of this Report should be considered rather as a guide to the
intelligent use of the data, indicating possible directions for further
research as well as those which may prove to be dead ends.

From the above description, it will he clear that the scope of this
study, though important, is rather narrowly defined. At the end of it,
however, we shall slightly enlarge the subject and touch upon the, to
our mind, false dichotomy between the manpower and the rate-of-return
approaches to the economic objectives of educational planning.

The structure of the study will be as follows: in the remainder of
this firrt part, we shall present an evaluation of previous work relevant
to this study, followed by a general outline of our own analysis.

Part Two will be devoted to the factors which influence the occupa-
tional structure of the labour force for the economy as a whole and for
the various sectors of industrial activity. Part Three will concentrate
on changes in the edacational profile of occupational categories, this
time for the total labour force only. We shall test systematically rela-
tionships between economic and non-economic indicators, on the one
hand, and the educational profile of occupations, on the other. Part
Four will contain a similar analysis, but this time the educational struc-
ture of economic sectors will be related directly to the variables that
are supposed to reflect the prevailing levels of economic and technolog-
ical development. Here the analysis is possible again also in the sector
level, avoiding the detour via the occupational structure. The analysis
presented in these three parts will be conducted mainly with the aid of
regression analysis techniques and by making use of the maximum num-
ber of observations available, with the aim of reaching conclusions which
can be generalized. Conversely, in Part Five, a certain number of prob-
lems which arose in the previous parts will be examined in more depth
on a ease-study basis, selecting those countries for which more detailed
data are available. Finally, Part Six will give the conclusions and re-
examine the whole problem of the economic objectives of education in
the light of these conclusions.

Stath Occupational and Educational Structure, op.L_E_It.

21
25



II

EVALUATION OF PREVIOUS WORK

Let us examine several recent publications which concentrate on
the manpower link between economic growth and education, more spe-
cifically, the studies whose purpose is to test the type of relationships
which will be dealt with in Parts Two, Three and Four of this Report.

The publications in question are the following:

1. P. R. G. Layard and J. C. Saigal: "Educational and Occupa-
tional Characteristics of Manpower: an International Compa-
rison", British Journal of Industrial Relations, Vol. TV, July
1966.

2. M. A. Horowitz, M. ZymeLman, I. L. Ilerrnsta It, Manpower
Requirements for Planning: an International Compari-son Ap-
proach, Northeastern University, Boston, December 1966
(2 volumes).*

3. The Educational Structure of the Labour Force: a Statistical
Analysis Netherlands Economic Institute, Rottardam, March
1966 (rnimeogr. pub. No. 37/66).

4. J. C. Scoville, The Occupational Structure of Employment,
1960-_1980, ILO, Geneva, August 1966 mimeographed).**

A certain number of preliminary OECD working papers have also
dealt with the same subject. They will be mentioned where necessary
in the course of this study.

It was considered opportune to look at this subject in the light of
production theory, and the first section will, therefore, be devoted to
elucidating the type of production function which is explicit or implicit
in manpower-educational planning, in general, and in the above studies,
in particular. Having set up this overall plan, we shall discuss in sub-
sequent sections, within this framework, the analyses of the occupa-
tional and educational structures of the labour force as presented in the

* Mr. iymelman has produced tifo other doeumen-s using the same data: Productivity._ Skills

and Education in MAufacturing industries, UNWO, May 196'7 (restricted), and The Relaticoship between

Productivity and the Frernal Education af the Labour roree in Manufacturin industries, Center fix

Studies in Education and Development, Harvard University, prepared for UNIDO. November 1967

(Preliminary. mimeographed).
** The original version of this paper was prepared fcr the "Inter-Regional Seminar in Long-Term

Economic Prolections fcr the world economy: Sectoral Aspects". Mr. Scoville kindly sent us the revized

version which is the one discussed here.
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publications under review. , The way in which problems of aggregation
are handled in those documents will be dealt with in tuinex A.

1. THE PRODUCTION FUNCTION
AND MANPOWER FORECASTS

With the exception of the document of the Netherlands Economic
Institute, all the other studies mentic./ned above contoir at least a brief
reference to production function analysis. Our purpose here is to sit-
uate the manpower approach as a special case in the more general
context of production studies.

In most studies undertaken on the production function, capital and
labour are considered as homogeneous factors of production. Whatever
the complexity of more recently developed production functions, * this
remains to a large extent true. One can therefore reduce the function
tc its essential features and %trite:

X = F (K, L) (1)

where X stands for output, K for capital and L for labour

X = F (K, L. e) (2)

where e stands for "technical progress" or any other factor (such as edu-
cation) which is not captured in the quantification of K and L. One
might go one step further and distinguish explicitly various types of
labour inputs:

X F (K, L1, L2,

where L. (j = 1 n) stands for occupational categories. This then
3 .is a recognition of the fact that lat our is not a homogeneous factor of

production, but that it is composed of very different kinds of labour
categories. The same reasoning could, of course, be applied to capi-
tal.** Another step would consist in introducing also the educational
profiles of each of the occupational categories distinguished:

X F EK, L2(Ei), Ln(Ei)] (4)

where Ei(j. = 1 n) stands for the various levels of educational
attaimnent reached by the members of each of the occupational catego-
ries. Equation (4) can, of course, be simplified by writing:

X -T. F (K, El, E2, E )

* See, fix example. Murray Brown, On the Thecry and Mearurement ofTechnoglca1_Change,

Ca trzidge University Press, 1888.
** See, fcr example. Inotar Svenallson, "Economic Growth and 7echnica1 Progress. An essay

in Sequence Analysis". in the R 'dual Factcr and Economic Growth, OECD, 1964.
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where El (1 1 ..... n) stands for the educational categories into
which the labour force can be divided, it being clear that:
E E + En = L.

1 2
From the point ur view of educational planning, the traditional

Cobb-Douglas production function, even in its generalized form and
even if it includes the residual factor as in (2) above, is not very inter-
esting, although this does not, of course, diminish its importance for
production theory in general. This observation also holds for those
authors who have tried to introduce explicitly an educational input vari-
able into the production function - in the form of a measure of education
per worker.* In the best of cases (the last one), an undifferentiated
measure is obtained of the average number of years of education em-
bodied in the labour force. This, no doubt, is important in order to
examine the impact of education in general on production, but it is not
of much use in defining a strategy for educational development. This,
therefore, leaves us with functions (3), (4) and (5) as defined above.
Function (3) establishes a link between the occupational structure of the
labour force and output, function (5) between the educational structure
of the labour force and output, while function (4) constitutes the link be-
tween the occupational structure and the educational structure of the la-
bour force on one hand, and cutput on the other hand. This way of for-
mulating the relationship between production and differentiated factor
inputs lays heavy emphasis on substitution possibilities between the
various factors of production, including "partial" substitution between
the different :Ain categories.

As already noted in Chapter I, the type of production function under-
lying most of the work in manpower planning is of the limitational or
Leontief type:

or
X mi-n. (K, L1,

X -= min. (K, El, E2,

L )

En)

(6)

(7)

This is the relationship used in input-output analysis and in most em-
pirical planning vork for that matter. It excludes any substitution pos-
sibilities and assumes complementary relationships between each of
the factors of production, on the one hand, and production, on the other.
The technical coefficients through which those complementarity relation-
ships are defined and which are of interest for our purposes can be ex-
pressed as follows:

X = min. (L,)

X min. ( Ljk

X min.

(8)

(9)

(10)

* See, for example, Zvi Griliches, "Research Expenditures, Education, and the Aggregate
Agricultural Production Function", The American Economic Review, December 1964; also M. Brown
and A.H, Conrad, "The Influence ca. Research and Education ou CES Production Relations", in Murray
Brown (editor), The Thecry and Empirical Analysis of Production Studies in Income and Wealth,
Volume 31, NBER, New York. 196'1,

29



We have now introduced the symbols which will be used throughout
this Report: Li(j = 1 n) stands for occupational category:
Lk

y; Ljk,(k - 1 : n), for educational categor and for the number

of persons in occupation j who have attained educational level k.

In the light of these few remarks, let us now turn to the kind of
functions used by the authors of the papers under review. Before doing
so, it should be made clear that Layard (No. I) analyses the occupa-
tional structure by economic sector, the educational structure by eco-
nomic sector, and educational profiles, within occupations for the whole
economy and the total labour force. Hor( witz (No. 2) only deals with
the occupational structure by certain economic factors.* The NEI
study (No. 3) is concerned with the educational structure of the labour
force, and Scoville (No. 4) deals with the occupational structure of the
total labour force.

Layard and Horowitz both start from functions (I) and (3) as pre-
sented above. They both rewrite equation (3) in the following way:

L F (K/L, L1/L, L2/L, Ln/L) (3a)

From here onwards Horowitz simply says**: "if we also assume that
K/L is a function of the occupation distribution of L, then it follows
that:

X/L P (L1/L, L2/L, L /L)" (3b)

Layard on the ether hand goes on to say:

"The function as expressed in (3) and (3a) does not necessarily
imply that there is a unique relationship between output and either the
total labour force or its skill composition. The combination of inputs
chosen to produce a particular output will depend on their relative
prices, and any particular technique will only be chosen by countries
having similar relative prices. But once a particular technique has
been chosen, this choice will determine simultaneously the level of out-
put per worker (X/L), the amount of capital per worker (K/L), and the
proportions of the labour force having each type of skill (Li/L' s). If

we make the further assumption that for any one X/L there is one and
only one set of L s and one K/L, we can set up demand equations

for each of the factors of production, in which Li/L and K/L are given

as functions of XX rather than the other way round, as in equation (3a).
These demand equations are what is needed for purposes of manpower
forecasting".***

The meaning of the Horowitz equation could be described as follow
For a given level of productivity, the capital output is fixed and can
therefore be dropped from the equation, but there are substitution

Zymelman 2 (November 1967) deal: with the eclucatimal mructure by certain economic

sectors.
**

***
Horowitz, op. cit. p. 32.
Layard, op. cit., p.225.
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possibilities betvreen the various occupational categories. This wou3d
mean an explicit recognition of the fact that different occupational struc-
tures are pos.sible at the same level of output and productivity. The
regression equation would give us the "optimal" occupational structure.
Layard, however, works with the complementary assumption as soon
as the level of technology is fixed. In other words, both Horowitz and
Layard agree that substitution possibilities exist at given levels of out-
put; Horowitz goes further and assumes that partial substitution (be-
tween skill categories) is still possible at the same level of technology
and productivity, whereas Layard assumes that there are fixed skill
coefficients once the techniques are chosen and the level of productivity
determined.

The two other studies (NEI and Scoville) are implicitly based on
the same assumption as that adopted by Layard. Scoville works with
the following equation (we have cnanged his notation to the one used in
this report):

L./L F (X/P, G, P)
3

where P stands for total population and G for the growth rate of national
income. He also works with what Layard calls "demand equations",
and it is again assumed that at a given level of technolou there is one
and only one occupational structure or, in his own words "... that there
should be regular, definable and predictable relationships between the
structure oi a nation' s labour force and the level of per capita income".*
Apart from per capita income (x/P), two other factors have been added:
the growth rate (G) is supposed to be a proxy variable for a number of
growth factors affecting the demand for various occupations, and total
population (p) is supposed to reflect economies or dis-economies of scale
in the demand for various occupational groups. Whatever the merits
or demerits of these explanatory variables, the important point to keep
in mind is that only one factor of production is being considered and
that therefore, the basic feature of the approach is one of coraplemen-
tarity relationships once the levels of technology and productivity are
chosen.

The NEI study adopts the same approach for educational categories
and the relationships presented are of the following type (using again
our notation)**;

(x/P) (12)
Lk/I

Of the documents under review, one - through the form chosen for
the equation - explicitly allows for partial substitution between the dif-
ferent skill categories of the labour force. The other three studies
assturie - implicitly or explicitly - that any choice of technology and
productivity is linked with one, and only one, particular mix of skill

Scoville. op. eLt,. p. 9.
** Fcr a theoretical discussion on the choice of explanatcey variables, see NEI gudy, op, cit.,

pp. 23-27.
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inputs. This has to be kept in mind when considering some of the re-
sults at which these studies have arrived.

2. ANALYSIS OF THE OCCUPATIONAL STRUCTURE

As was indicated above, an examination of the relationship between
the occupaticnal structure of the labour force and indicators of econom-
ic and technological development was carried out by Horowitz, Layard
and Scoville.

Ho owitz

The following equation was tested:

X/L = F (L1/L, L2/L, L3/L, L4/ L5/L) (13)

Where L 1, L
2

L are respectivelyprofessional and technical workers;
5

administrators and managers; clerical workers; sales workers; and
manual workers. The above relationship was tested for 21 branches of
manufacturing as well as for manufacturing as a whole. The maximum
number of observations (countries) amounted to 26 - 19 different coun-
tries, 7 of which supplied the relevant information for two points in
time. In fact, most of the regressions for the manufacturing branches
were run with between 13 and 20 observations. This cross-section
analysis relied mainly on census data, which means that most figures
refer to 1960 or thereabouts, except for the 7 countries that also had
this information for a second point in time (around 1950).

The stated objective of the authors is to test the hypothesis that
"the productivity of an industry is linked to a specific occupational dis-
tribution of its labour force". * In order to do this, they fitted equation
(13), with the aid of multiple regression analysis, both in linear and in
log-hnear form. The results of this regression analysis are quite un-
even, not only as far as the multiple coefficients of determination

(R-2) are concerned, but also because of the fact that the regression
coefficients for certain occupational categories are non-significant and
are for that reason not shown in the regression equations presented by
Horowitz. In the great majority of cases (i. e., for most manufactur-
ing branches), we are therefore left with two or three occupational cat-
egories only. For example, for the total manufacturing sector, when
adopting a linear relationship,Ithe regression coefficients of L1, L2 and
L4 are significant; in the log-linear relationship, only Li and L2 re-

main.**

This is not the place to go into a detailed critical evaluation of this
document. However, there is one aspect on which it is important to
comment, because it is concerned with the problem of partial substitu-
tability versus complementarity discussed previously in this chapter.
This aspect is touched upon in the rather surprising "How to do it your-
self" Chapter V of the Horowitz document. There, the user of the data,

* Horowitz, op. p. 32.
** Idern, Tables 3 and 4.



collected by Horowitz, is invited to make projections of the occupa-
tional structure of the labour force !n the following way. Suppose the
economic forecasts for a given econ, nic sector have even a produc-
tivity estimate Jar a future date of $ 1,000, one then looks up in the
statistical tables presented in Volume H of the Horowitz document the
country (or countries) that has already reached this level of productiv-
ity. If, as will happen frequently, one finds two or three countries
with about the same productivity level in the selected sector, the user
is invited to adopt as occupational structure the average value for each
of the occupational categories observed in the reference countries. ,
This is not necessarily an unrealistic suggestion, but it does not differ
from most current practice; moreover, one does not quite see how this
recommendation is related to the analysis which preceded it. As al-
ready mentioned, Horowitz was the only one to introduce explicitly
- through the form chosen for his equation - possibilities of partial sub-
stitution. Even if he got a good fit, it would not be possible, therefore,
to conclude that there is a unique relationship between skill distribution
and the level of productivity, because even if the coefficient of deter
mination is high, this still leaves a large combination of skill percent-
ages which will satisfy the fitted equation for any given productivity
level. These partial substitution possibilities are not discussed in the
document. It can be expected that these substitution possibilities be-
come more important the more occupations are distinguished. Horowitz,
after running his regressions at a very high level of aggregation (and
obtaining very heterogeneous results), proposes on the basic of this
evidence to deduce a much finer occupational structure (at the 2-digit
level) according to the "how to do it yourself method.

Layard

This study, it will be remembered, chose to test a "demand type"
equation of the following ldnd:

= F (X/L) (14)

In this manner each occupational category in turn is made a function of
labour productivity (output per worker). The analysis was carried out
for the whole economy and in the eight one-digit economic sectors. The
occupational categories on which the analysis mainly concentrated were
ISCO major groups 0 (professional and technical workers), 1 (manage-
rial workers), 2 (clerical workers), and 3 (sales workers). Combina-
tions of these groups were also tested, such as major groups 0 + 1 and
0 + 1 + 2 + 3 (total non-manual workers). The number of observations
was around 20, and the timing of the various variables was again around
1960 for the same reason as mentioned above. The regression equa-
tions were tested in log-linear fon m. after finding that this function gave
better results than the linear one. The results are again quite uneven.
In certain economic sectors (for example, construction and transport),
there does not seem to be any close relationship between the size of
any of the occupational categories cited above and sectoral labour pro-
ductivity as measured by the coefficient of determination (R2). For the
whole economy, there is quite a good relationship for major group 0
(11

2 = C.83) with, at the other extreme, a low H2 for sales workers
(0.25). In general, Layard noticed "that the sectors with poorer rela-
tionships are also on the whole the smaller sectors. "*

* Layard, 9p, cit., p. 242,



The conclusions which Layard draws from these results are much
more prudent than those advanced by Horowitz, as he lays emphasis
mainly on the necessity of additional research.

Scoville

Lastly, Scoville has undertaken an analogous kind of analysis with
the aim of "projecting the distribution of employ-ment among jobs of
varying levels of social and economic status '. It will be recalled that
he also worked with a "demand" type equation, but that he identified
three explanatory variables which he calls "the economic determinants
of the occupational structure". rsee equation (11) above.1 The analysis
was undertaken for the whole economy only and included the nine major
groups of the International Standard Classification of Occupations
(ISCO).* Given the high level of aggregation, Scoville was able to col-
lect data for about 40 countries. The functions adopted for the regres-
sion equation were of the linear and the semi-logarithmic form. The
results are summarized as follows.tFor the set of eight equations (major groups 7/8 and 5 were pooled

together) to be used for projection, per capita income is a signifi-
cant explanatory variable in every case. Rate of growth of national
output is significant only in determining the share of sales workers
in the labour force, while economies of scale, as indicated by pop-
ulation size, affect the proportion of service and transport-com-
munications workers. The fact that the growth rate and population
variables were significant in some of the rcaationships not chosen
for the projections suggests that the question of equation form has
not been completely solved. "**

The coefficients of determination varied from 0.84 for major group
0 (in semi-logarithmic form) to 0.20 for sales workers using a linear
relationship. For Scoville, these results were encouraging enough to
go ahead and base the projection of the overall occupational structure
(defined according to the nine categories mentioned above) of a certain
number of regions on Imowledge of the future evolution of his explana-
tory variables.

ANALYSIS OF TEE EDUCATIONAL STRUCTURE

Two of the four studies under review have related the educational
structure of the labour force directly to indicators of economic and
technological development without the detour of passing via the occupa-
tional structure - the NEI study and Layard.

NEI

The purpose of the NEI study was (i), to present information on
the structure of the labour force according to levels of education for as
many countries as possible, and (ii), to undertake some analytical

Maicr gaups 0, 1, 2 and 3 aheady cited above when discussing Layard's study, plus 4

fishermen, etc. ); 5 (minets, quarrymen); 6 (wcrkers in nanspert and communications); '718 (craflam

production-process workers); and 9 (service, spert and recreation waken).
** Scoville, op. cit., p. 19.
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investigations of the statistical material.* The former gives rise to
the presentation of the three possible methods in order to cope with the
lack of information which is particularly acute when it comes to the
educational structure of the labour force. These three methods are
(i) the graduate accumulation approach; (ii) the combination method
(1 e., estimating the educational structure of the labour force from the
occupational structure); and (iii) international comparisons (i.e., es-
timating the educational structure of country A from the educational
structure of country 9). The last two methods, in particular, imply
quite daring assumptions and should, of course, only be used in the
last resort where only very rough data are available. In this sense,
the proposed methods are now to a certain extent superseded by the
availability of the statistical information published in Statistics of the
Occupational and Educational Structure of the Labour Force inFifty -
Three Countries.

More interesting for our purooses is the regression analyzis car-
ried out. It will be recalled that ]he NEI study fits the following equa-
tion:

L /P' = F (X/F) (12)

This relationship was tested, in log-linear form, on the level of
the whole economy with from 9 to 27 observations, depending upon the
educational category. The categories selected were: (i) third-level
educated labour force; (ii) idem, but without third-level-educated
teatthing staff; (iii) scientists and engineers; (iv) physicians; (v) se-
ccILd-level-educated labour force; (vi) idem, but only non-vocational.
In general the correlation coefficients are low. However, some of the
regression coefficients are rather interesting. For example, the coef-
ficient of elasticity of the third-level educated labour force with respect
to output per capita is 1.05; for scientists and engineers, it is 0.95;
for the total second-level-educated labour force, it is 0. 68, but for
those with general secondary education, it amounts to 1.41. **

The study presents an analogous analysis relating the enrolment
ratios of the various educational levels and branches to output per capita.
FurZhermore, on the other sector level, a certain number of tables are
presented for six countries showing educational input coefficients as
well as the educational structure. Of the four studies under review,
this is the only one which introduces, next to the percentage distribu-
tion of the labour force, the notion of labour coefficients. Each coef-
ficient indicates the number of people with a certain educational attain-
ment employed in a certain sector for the production by that sector a
a million dollars worth of value added. The symbol is:

L
ik-

/X.

where i stands for the particular economic sector. No systematic
analysis of the changes observed in those coefficients was attempted,
however, because of the small number of observations.

* NEI. Dp. p. I
** This is, however th caregry fcc which only 9 observations were available.
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Layard

In this paper, the following educational categories are distinguished:
(i) degree level or above; (ii) completed secondary schooling or above;
(iii) matriculation level or above; (iv) complete middle level schooling
or above; and (v) completed primary schooling or above. Further-
more, a synthetic indicator is proposed for the average number of years
of formal schooling embodied in the labour force through a calculation
of the median and the mean years of schooling of the labour for,_.e in the
whole economy and in the various economic sectors selected. The
equations tested, again in log-linear form, were of the following type:

L /L = F (X/L)

M = F (X/L)

(15)

(16)

where M stands for the mean or median years of formal schooling em-
bodied in the labour force. The number of observations available for
the whole economy ranged from 14 to 24 (depending upon the educational
category) with a mean of 19. For the individual one-digit economic sec-
tors, the number of observations ranged from 8 to 14 with a mean of 11.
The mining sector was excluded for want of data, and electricity was
included with manufacturing.

The results are rather erratic; for the economy as a whole, the
coefficients of determination are situated between 0.35 and 0.66 (the
latter for the catagory "degree level or above"). The elasticity coef-
ficients of the educational categories with resvect to output per worker
are all inferior to unity with the exception of matriculation level or
above", for which it is 1.08. In the services sector, the results are
rather similar, with the unexpected exception, however, that this time
the R 2 for the category "completed primary schooling or above" is the
best (0.80); this educational category is also the only one to have an
elasticity coefficient larger than unity (1.03). In the construction and
transport sector, the fit is almost non-eldstant. In agriculture, manu-
facturing (ncluding electricity) and commerce, the fit is somewhat
better.

In the light of such limited and erratic evidence, the wisest thing
to do is to fall in with the authors in refraining from drawing hard and
fast conclusions.

ANALYSIS OF THE EDUCATIONAL PROFILE
OF OCCUPATIONAL CATEGORIES

Of the authors under review, only Layard examined the educational
structure of various occupational categories. He adopted the same edu-
cational categories and the same major occupational groups as those
mentioned previously in this chapter. The equations were of the same
type as those shown above and were again tested in the log-linear form.

Lk, L. r (x/L)
j

M. F (X/L)

(17)

(18)



where Ljk stands for the number of persons with educational level k in

occupation j, and M. for the mean or the median years of formal
schooling embodied in occupational category j. To give a concrete ex-
ample: the hypothesis to be tested is that the proportion of persons
with, say, a university degree in the occupational category 'manage-
rial workers", for example, shows systematic changes relative to the
evolution of output per worker. It should be pointed out that this anal-
ysis could be carried out on the level of the whole economy only. It
would, of course, be highly interesting to study these, or analogous,
relationships on the sector level, but for this purpose, three-way tabu-
lations are required: occupations by education and by economic sector.
This type of information is rarely availab,e and it is already quite an
undertaldng assembling a sufficiently interesting number of cross-clas-
sifications of occupation/education on the global level. The number of
observations available to Layard for this particular part of the analysis
ranged between 13 and 24 with a mean of 19. The results of the re-
gression analysis were not exactly inspiring. All coefficients of deter-
mination are very low (between 0.01 and 0.40), except for sales work-
ers, for which R2s of between 0.30 and 0.57 were found .... This last
result is ail the more surprising as the R2s for clerical workers are
very low indeed - falling between 0.01 and 0.25.

This difference between clerical workers, on the one hand, and
sales workers, on the other, is surprising, because it could be expected
that it is precisely in those occupational categories with rather "loose"
educational requirements that the proposed relati.:,aship might have
given relatively better results. This would be so b,..aause of "educa-
tional supply relationships": the higher the level of economic develop-
ment the more education is normally being made available. It can be
assumed that in such circumstances the educational level of the "loose"
occupational caternries will he npr-rnded. However, as we have seen,
the hypothesis breaks down when applied to Layard' s data. The occu-
pational category "clerical workers ' is a typical case where the "edu-
cational supply effect" can be expected to be important; nevertheless,
the correlation coefficients for this group are the lowest of all.

Once more, therefore, the analysis Layard set out to undertake is
inconclusive, and he can only point again to the necessity of additional
research.

5. CONCLUDING REMARKS

The one important conclusion which can undoubtedly be d awn is
that the analyses briefly presented here are all inconclusive. The rea-
sons for this are not hard to find.

There is, first of all, the problem of collecting a sufficient and re-
liable number of observations. This is a general problem in the four
studies under review (less so for Scoville), and it is particularly acute
in the case of the NEI study.

Second, there is the question of the variable(s) chosen to reflect
overall or sectoral levels of economic and technological development
reached. All studies have adopted total or sector labour productivity



(or petapita income) for that purpose. Only Scoville has added two
additional explanatory variables, namely growth rate of GNP and total
population, the explanatory power of which were, however, in general
very low.

Third, there is the problem of disaggregation. It is probably fair
to say that none of the four studies contained a sufficient level of disag-
gregation, as far as the occupational structure is concerned, to test
whether certain more narrowly defined occupational groups had consis-
tently a better or wor e correlation with the independent variable(s)
than the broad occupational categories.

Fourth, no systematic effort was made to distinguish between sat-
isfactory, less satisfactory and bad relationships. In other words, it
would have been interesting to show for which occupations and in what
economic sectors the explanatory power of the independent variable(s)
was good or bad; and what the reasons for this could be. Layard goes
a certain way in this direction. At the other extreme, we find Horowitz
who draws a general conclusion from very erratic evidence.

This leads us to the more general point of the purposes of those
studies. As more or less explicitly set out by the authors themselves,
their prime objective was to find relationships which could be instru-
mental in forecasting the occupational and/or educational structure of
the labour force. This may explain why so much confidence was placed
in the productivity variable. It remains true, however, that relatively
little effort has gone into a careful analysis of why the observed occu-
pational and educational structures are as they are. We are thinking,
in particular, of the substitution possibilities mentioned above. It is
interesting to note that none of these studies has gone into the problem
of whether the same unit of output, using analogous techniques, can be
produced with different skill mixes. It is therefore, doubtful whether
the authors have been able to get the most out of their data.

Moreover, the statistical techniques used are not always explicitly
jusi4ied; nor is the degree of confidence one can have in the results to
meet the authors' objectives clearly spelled out.

We shall now give an outline of the rationale of our own analysi
and intend then to come back to some of the points raised here.
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III

GENERAL PRESENTATION OF THE STUDY

The bulk of the analysis undertaken in the present study is devoted
to an attempt to explain changes in the occupational and educational
structures of the labour force as observed in the various countries
under review.* In trying to explain the observed situation, explanatory
variables which are themselves extremely difficult, if not impossible,
to forecast, have frequently been brought in. A distinction should,
therefore, be made between the attempt to explain the observed situa-
tion, and the usefulness of the relationships established for forecasting
purposes.

Here we shall, first, present the types of relationship selected for
this study; we shall then proceed to discuss in general terms some
difficulties of a theoretical and statistical nature inherent in investiga-
tions of this kind.

1. TYPES OF RELATIONSHIP EXAMINED

We shall deal successively witb the occupational structure, the
educational profile of occupational categories and, lastly, the educa-
tional struclare of the labour force.

i) The occupational structure

In the first instance, the type of relationship examined is of the
following general form:

Lj/L = F (n) (3. I)

The dependent variable is, therefore, the percentage of a given
occupation j in the whole economy or in a sector of economic activity;
n stands for any of the explanatory variables selected to reflect levels
of economic and technological development, again both on the level of
the economy as a whole and of the sector. In the following parts of
this study, this variable n will take the form of output per worker (X/L),
of gross capital formation per worker (EI/L), of a non-monetary indi-
cator of the level of economic development (In), of energy consumption

* For a listing of the countries used in the different parts of the analysis, see Appendix 1.



per worker (En/L), etc. More specific sector indicators, such as the
number of tractors in use in agriculture, will also be introduced when
it is felt that a more thorough analysis in certain econoinic sectors is
called fm. The variable n should reflect as much as possible the dif-
ferent Inc.:ors that determine the economic and technological "require-

nts" for the various occupational categories.

Next to the occupational percentage distribution, an attempt is al.:o
made to analyse the different values observed in the occupational coef-
ficients: Lj/X instead of Lj/L. The rationale of this approach will be
set out later in this study.

ii) Occupation Education Relationships

A pattern of analysis analogous to the one outlined above has also
been adopted for the investigation of the differences observed in the edu-
cational profiles of occupational categories. The first general type of
relationship tested is:

Ljk/ Lj F (3. 2)

The number of persons with an educational level k in occupation j,
expressed as E` percentage of the total number of persons in occupation
j, is made a function of the same kind of explanatory variables as men-
tioned above. The second type of relationship examined is:

Ljk/L F ( (3. 3)

This time, the number of persons with educational level k in occu-
pation j is expressed as a proportion of the total labour force. The first
relationship (3.2) follows the so-called manpower approach, which - in
its methodological chain - first, forecasts the occupational structure
and, then, translates each of the occupational categories into educational
equivalents. The second (3. 3) ean best be considered as a "weighted"
occupational category. This less sensitive ratio (as compared to Ljk/14),
while givIng the same information as (3.2), will also serve to test the
hypothesis that when only certain educational categories within the occu-
pational groups are taken into account, measurement errors will tend to
diminish and the chance of obtaining better relationships will consequently
improve.

Next to the above types of "demand" equations, an attempt will also
be made to examine whether the educational supply pattern can, to any
extent, add to the explanation of the observed differences in educational
profiles of the occupational categories. This is done by introducing the
total stock of people in the labour force with a level education (k) which
normally corresponds to the occupational category in question. This
variable (Lk/L) will be examined alone and in combination with the eco-
nomic and technological indicators (n):

or
Ljk/Lj

Ljk/L
= F Lk/ L) (3. 4)
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or
Ljk/Li

Ljk/L

Much more detailed information about the rationale of the above
approach will be given in Part Three of this study.

Lk/L) (3. 5)

Analysis of the occupation education relationships is possible at
the level of the whole economy only, although in Part Five we shall
attempt to go into more depth on a case-study basis.

iii) The Educational Structure

The educational structure of the labour force will be related direct-
ly to a certain number of economic and technological indicators through
the following equation:

Lk/L F (n) (3. 6)

In the light of the description given auove, these relationships do not
need further explanation. This analysis will be feasible for the whole
economy and for certain economic sectors.

In terms of the theoretical framework set up in the beginning of
Chapter II, it will be clear that the present analysis starts from the
basic assumption of fixed occupational and educational coefficients at
given levels of economic and technological development. We want to
stress, however, that it is precisely one of the main aims of this study
to verify the validity of this assumption. In order to do so, graphic
analysis of the above types of relationship - together, of course, with
an examination of the correlation coefficients and, particularly, of the
standard deviations of the regression coefficients - will prove to be
useful, because it will allow us to see whether there exists an important
spread of the occupational and educational coefficients at analogous
levels of development..Whenever the latter is the case, this may suggest
the e2dstence of substitution possibilities.

2. REA/ENDER OF SOME DIFFICULTIES

There are a certain number of theoretical and statiAticarprobleme
which, though well known, are worth recalling 'before we enter into the
analysis of the available data. These remarks apply both to the studies
reviewed in Chapter II and to our own analysis.

i) The Identification Problem

During a conference on the theory of production, one of the
participants said in despair to the organisers: "You should go into a
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respectable field, like astrology".* Many problems with which man-
power planning analysts have to cope reflect to a large extent the state
of production theory in general. Although there is no need to be defen-
sive about the kind of relationships exposed above, one should recog-
nize that they are largely ad hoc relationships.

As has already been stressed in other OECD documents, ** the
evolution of the educational stock in the labour force is the result of
the interaction of demand and supply effects and a basic weakness of
the usual manpower planning methodology is its focus on what might be
called the demand effects to the exclusion of the supply effects. None

of the studies reviewed in Chapter II - with the exception of the NEI pub-
lication - have mentioned ex-plicitly this simultaneity problem, nor have
they taken care to point out in the analysis that their single equation re-
lationships may implicitly be reduced forms of more general simulta-
neous relationships (and therefore face the problem of inference from
the coefficients of the reduced form to the coefficients of the structural
equation they implicitly seek, I. e., the problem of identification).

It is the awareness of this identification problem that has led us to
introduce equations (3. 4) and (3. 5) above. Quite clearly, these are
also ad hoc relationships but, faced with an admitted inability up to now
to derive from the theory an adequate specification of the set of struc-
tural equations, all one can do in the process of the analysis is to ask
the question: is the proposed relationship a demand function, a supply
function, a reduced form, or a mbdure of all thOse ?

ii) Statistical Techniques

The investigations carried out in Parts Two, Three and Four make
extensive use of simple and multiple regression analysis techniques.
These techniques are particularly appropriate to shed light on our prob-
lem, which is to test whether significant and systematic relationships
hold betwen changes in the occupational and educational structures of

the labour force, on the one hand, an0 changes in the level of economic
and social development, on the other,

The form of the regression equation will be the double logarithmic
(or log-linear) one. This decision was taken alter the examination of
a considerable number of graphic representations and also after exper-
iments with a nuniber of other functions. Some of these will be pre-
sented in Part Two. The double-log form finally retained implies, of
course, constant coefficients of elasticity which, when used over long
tim a periods, pose problems of consistency. It should, therefore, be
kept in mind that the regression (elasticity) coefficients presented in
this study are valid only between the extreme limits of the values of

the explanatory variables; beyond those values, great care is required
in their interpretation.

As the title of the present study indicates, the analysis will be under-
taken on a cross-section basis. In those cases where the results of the
calculations seem to be useful for forecasting purposes, we are thrown
right back to the controversy about the validity of cross-section estimates

* See Murray Brawn (ed.), The Theory and Empiric 1 Analysis of Production, New 'fork,

1967, p. 8.
** For example, A Technical Evaluation, 2pcir.

42

37



in time-series applications. This problem is far from being new and
the international literature has devoted a good deal of attention to it.*
The results of these compalrisons are always the same: the parameters
in the case of time-series analysis are different, and often substantially
so, from those which use cross-section material. One of the reasons
for this difference is undoubtedly that the application of the method of
least squares is frequently pure convention and without theoretical foun-
dation. It is well known that two of the conditions for the method of
least squares to result in an estimate of. the greatest likelihood are that
random deviations be independent and tnat their distribution be normal.
The first condition is rarely fulfilled in time-series analysis: deviations
in economic time-series are not independent, as a rule. The second
condition is rarely fulfilled when using cross-section material with
countries as the unit of observation; it does, however, allow us to es-
cape much more from the problem of collinearity which obscures time-
series relationships.

The conclusion must be that, in the absence of a sufficient number
of time-series, the results presented in the following pages should be
regarded, first of ail, as an elucidation of the observed situation. The
parameters must not be used mechanically for forecasting purposes
within a given country. The specific situation of the country will have
to be carefully evaluated. The parameters determined with the aid of
international evidence will be only one of the elements to be used in
such an evaluation.

* The well-known article by H. G. Chenery, "Patterns of industrial gowth", AER September
1960, for example, was based on cross-section evidence. The parameters determined In this way have
been much criticised when compared with time-series evideRce; see, M.D. Stetter and C. voutodas,
"Irnpert Substitution and Chenery's Patterns of Industrial Growth", Eccnotnie Internationale, February
1965. Many other examples can be found in Murray Brown (ed.), The Theory and Empirical Analysis
of Production, op. cit.
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Part Tyr)

OCCUPATIONAL STRUCTURES
AND ECONOMIC DEVELOPMENT

In this Part, attention will be focused mainly on
the relationship (3.1): Lj/L F (n). This relation-
ship has been tested for the whole economy, for the
eight one-digit sectors of economic activity, and for
certain manufacturing branches (at the two-diait level
of ISM). The unit of observation is the country: in
other words, the occupational categories will be ana-
lysed for one economic sector at a time across the
countries for which observations or- Lj and n are
available.

The presentation of the analysis will be as fol-
lows, In Chaptr W, the dependent and independent
variables used in the analysis will be presented.
Chapter V will he concerned with the results of the
simple regression analysis, which will represent the
bull: of this Pall of tie study. Chapter VI will deal
with a series of supplementary calculations, such as
multiple regression analyses, the correction for
"deviant cases", functions with variable elasticity,
etc., and Chapter VII will draw the conclusions from
the analysis.
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INT

PRESENTATTLON OF THE VARIABLES

The dependent variables (occupational categories the Lj' s) which
will be us:-d throughout the following analysis are*: 0, professional and
technical workers; 1, executive and managerial personnel; 2, clerical
workers; 3, sales workers; 0-0, engineers, architects and surveyors;
0-1, chemists, physicists, etc.; 0-2, agronomists, biologists; 0-X,
draughtsmen, and science and engineering technicians; 1-1, directors,
managers and working proprietors; 0-02, engineers alone.

Moreover, at the level of the major occupational groups, 0 + 1
together have also been tested, called here the HLM (high-level man-
power) category as well as 0 + 1 + 2 + 3 (the "non-manual workers).
At the level of the minor groups, 0-0, 0-1, 0-2 and 0-X have been
grouped into an STP (scientific and technical personnel) category. The
above categories have been analysed in all the economic sectors under
review. On certain occasions, other occupational groups will make an
appearance; these will be explained at the appropriate moment.

The different explanatory variables (n) which have been used most
of the time throughout the economic sectors are: output per worker
(X/L for the whole-economy; Xi/Li for the various sectors of economic
activity) or GDP per ca ita (X/P) for services; a "non-monetary" indi-
cator of development In ; **energy consumption per capita (En/P);
gross capital formation per worker over a period of seven to eight years
preceding the census year (I114); and the sector share of employment
in the various economic sectors (Li/L). Let us comment on each of
these variables.

The reason for selecting a series of variables stems from our main
concern to find an appropriate indicator of technology, i. e. , one reflect-
ing the economic result of a state of knowledge as embodied in the fac-
tors of production and their combination. The traditional indicator
adopted in the so-called manpower approach and in previous studies of

* The codes preceding the occupational categories refer to those used for the ma tr groups,
the minor goups and the unit groups in ISCO International Standard Classification of Occupations,
ILO, Geneva. 1958. In the following pages, we shall sometimes only refer to these codes, without
always repeating the full name of the occupational category.

** The index used here is the one published by D. H. Niewiaroski, "The Level of Living of
Nations: Meaning and Measurement, in Estadistica. bneramerican Statistical Institute, Washington.
March 1965. For a critical review, see W. Beckerman, International Comparisons of Real incomes,
OECD, 1966, p. 22.
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this kind (see Chapter II) has been output per man and per year (X/L).
Clearly, this is but a convenient short form of a complex indicator re-
flecting the contribution to production of all factors of production. The
denominator L is not measured with any precision, since it neglects
inter-country differences in h urs worked. As to the numerator, avail-
able national account statistics* do not always give standardized data.
Thus, for countries like Israel, South Africa, Syr a, Japan and Chile,
only net value added figures are given: for the socialist countries net
material product is of course presented. Multiple adjustments have
thus been made, the details of which appear in the tables in the Annex
to this volume. A serious and usual difficulty with this indicator is the
exchange rate problem. All production data have been converted into
United States dollars by nsing the official exchan e rate for the year in

question.

This straightforward "solution" was preferred to experimenting
with parity rates, for example. Wc turned in another direction by
searching for (i) a composite index reflecting the different productive
activities of each country weighted in physical terms (primarily in view
of the analysis at the level of the whole economy), and (ii) more sector-
specific physical indicators. Non-monetary indicators of the first type
are, of course, hard to find, particularly in the light of the large number
of countries covered hy our analysis. At least two of these indicators,
however, are available: they can be found in the already quoted publi-
cations by D. H. Niewiaroski and W. Beckerman. respectively. In this
study, we have used primarily the first one (In).

Niewiaroski actually constructed three indices: one based on
predominently economic variables; a second referred to as the "social"
index, and a combination of the two. The object af this approach is to
avoid the purchasing power problem, and its fundamental postulate is
that well-being is reflected by certain key items in a nation' s econom
"By selecting appropriate items and giving them suitable weights, an
index can be constructed that provides a direct measure of well-being.
Since the items chosen are expressed in physical quantities rather than
money values, conversion at dubious exchange rates is unnecessary,
and the troublesome purchasing power problem is avoided". The basic
items selected by Niewiaroski for the construction of the economic index
are the following: (i) the proportion of the labour force ex.gaged in non-
aericultural activities; (ii) number of telephones per capita; (ii',) en-
ergy consumption per capita; (iv) steel consumption per capita;
(v) cement production per capita: (vi) motor vel-;eles per capita;
(vii) per capita fibre consumption; (viii) proportion of protein in diet.
and (ix) the (dollar) value on exports per capita.

The "social" index includes selected iteme of social services, in-
formation flows and school standards. It will be briefly described with

regard to the analysis of the occupational structure of services for which
it has been used.

It is of obvious interest to include these non-monetary indicators
in the analysis in order to examine how their influence compares with

that of the productivity variable (X/L), not only because of the disterting
role played by the exchange rate problem, but also because In may be

* Our principal sotace has been the successive UN Yearbooks of National Accounts (1961-1965).

Where differences showed up from one edition to another, the 1965 edition was used.
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a more comprehensive synthetic measure of the level of economic and
technological development. Clearly, for forecasting purposes the In
is useless, and from that point of view one can, therefore, only
hope that X/L., will turn out to be at least as important as explanatory
variable as In.

As pointed out above, a number of other non-monetary indicators
of technological or economic development have been utilized in the global
or sector analyses. Some of them are, in fact, component parts of the
non-monetary indicator just mentioned. The global energy consumption
(converted into kg. of coal equivalent)* per capita (En/P) is frequently
used to represent technology. In so far as it relates the use of all
sources of energy to the total population it also gives an idea of the
general level of living (as symbolized by the used of electric light,
heating, public transport, etc.).

Ideally, we would also have liked to introduce the capital stock as
one of the explanatory variables. As can easily be understood, reliable
figures on the capital stock for 40 to 50 countries are impossible to find,
especially by sector of economic activity. We decided, therefore, to
take as a proxT variable the sum of gross capital formation covering
the seven years preceding the census year (LI/L). The period of seven
years is of course a rather arbitrary choice, but __ _; sufficiently long
to cancel oat cyclical movements and represents, moreover, an absolute
amount important enough to have repercussions on the occupational and
educational structures of the labour force.

A variable reflecting the sectoral distribution of the labour force
(Li/L) has also been included in the analysis, primarily as a scale in-
dicator of the respective economic sectors.

Lastly, a certain number of more sector specific, physical indi-
cators of technology were selected, such as fertilizer consumption,
tractors per worker (in agriculture), cement production per capita
(construction), commercial vehicles per worker (transport), etc. The
reason for including such types of variables is the same as that given
for En/P above.**

* See Wccld Energy Supplies. UNO, 1959-1562. for the cuive.rsion key applied, p. 67.
The listing of observations used, both for the dependent as well as fa the iadependent v

ables, can be found in Annex F.
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RESULTS OF THE SIMPLE REGRESSION ANALYSIS

The equation which is being used at this stage of the analysis is of
the following general form:

or
log (Lj/L) log a + b lag (6. 1)

log (Lij/Li) log a + b log (6. 2)

where i stands for the eight main.sectors of economic activity as indi-
cated in Tables 11-2 to 11-9 respectively [ equation (6. 1) refers to the
whole economy, see Table lI-li stands successively for the occu-
pational categories enumerated in Chapter TV above and which can be
found at the left-hand column of the tables; and n for the various ex-
planatory variables X/L, In, En/P, I/L., etc. The explanatory vari-
ables have also been presented above and can be found horizontally in
the top row of the tables. All tables are presented in a standard manner
and indicate each time the number of observations (N), the correlation
coefficient (R), the constant (log a), and the regression coefficient (b)
with its standard deviation Cab) in bracl 2tS.

We shall deal successively with: the whole economy; manufacturing;
services; agriculture; mining; construction; electricity, gas and water;
transport and communications; and commerce.

1. THE WHOLE ECONOMY

Table II-1 presents the results of the simple regression analyses.
Looking, first, at the correlation coefficients (R), it is clear that the
best overall results are obtained with the productivity variable (X/L),
although the Rs obtained with the other explanatory variables (In, En/P
and EI/L) are quite respectable. Thus, the correlation coefficients be-
tween occupation categories and X/L on the one hand, and In on the
other, can be considered for all intents and purposes as equal. It may,
therefore, be concluded (also in the light of the b coefficients and their
standard deviations) that avoiding the exchange rate and purchasing
power problem through the introduction of a non-moneta.7 index of de-
velopment has not resulted in a better fit and additional explanatory
power. This i important for thoee interested, above all, in manpower
forecasting; a:,though the future development of labour productivity is
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not easy to predict, In is, of course, almost impossible to forecast.
Attention n:L7st also be drawn to the excollent performance of the energy
variable (En/P) with respect to the minor groups and, in particular,
to the STP category. It also becomes clear that sales workers (m. g. 3)
are in no way related to any of the explanatory variables selected.
This problem will be taken up again in the next section where a
possible explanation of this "catstandingn result will be advanced.
Interestingly enough, the R's f.lr the minor group 0-0 and for the even
more narrowly defined unit group 0-02 (engineers) are also quite high:
0. 87 and 0. 85, respectively, with X/L; 0. 87 in both cases with En/P.
The STP group as a whole has a correlation coefficient between 0.79
and 0. 86 with x/1_, and En/P respectively, which is not unsatisfactory.
It has to be borne in mind, however, that the number of observations
available for the minors occupational groups is less than for the
major groups.

A comparison of the R's for the various minor groups shows that
the technician' s category (0-X) is, together with minor group 0-2, sys-
tematica.ly at the bottom of the list as far as the results of the calcula-
tions are concerned. It could be expected a priori that for this hetero-
geneous category the danger of errors of definition and classification
might be particularly great, especially as d'4initions may vary from
country to country. It is for this reason that we have included the spe-
cial occupational category 0-0 + O-X, i e. engineering personnel to-
gether with technicians. The results, when combining these two cate-
gories, show an important improvement as compared to 0-X alone, and
in one case even as compared to 0-0 alone (i. e., with EI/L as the ex-
planatory variable). This tends to confirm the hypothesis regarding the
distorting effect of the classification and definition prablem.

For the problems under examination in this Part of the study, the
r gression coefficients (the b's) and their standard deviations are mc
important than the correlation coefficients. Given the log-linear fir-
tion adopted, these b's are of course readily interpretable elasticity
coefficients of the Lj/L's with respect to the different explanatory vari-
ables. Starting again with the major groups, the striking aspect is the
higher b-coefficient for the managerial group (m. g, 1) as compared to
all the other major groups. In cither words, with rising levels of devel-
opment, the managerial category would have a tendency to increase re-
latively faster than the other major groups, including the professional
and techi..ical workers. A glance at Graph II-2 could suggest that this
high elas6.f.:ity might be due to a few "suspicious" countries. This
problem cd "deviant cases" will be dealt with in the next chapter. All
the b coefij_;_;ients of the major groups are statistically significant (in
many cases, the standard deviations are even quite small), except the
one for sales workers (m. g. 3), which decidedly is our "bate noire".

An examination of thl b coefficients of the minor groups indicates
that, on the whole, the STP categories have higher elasticjties than the
major groups, including the managers and a fortiori the entire profes-
sional and technical personnel category of which those STP occupations
are a part. This is, in particular, the case for the engineering cate-
gories (0-0 and 0-02) and for the combined engineers and technicians
group (0-0 + 0-X). This evidence would thus apparently lend support
to the often proclaimed hypothesis that the scientific and technical per-
sonnel has to grow faster than the other FILM categories, and also faster
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Graph II- 4
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than the professional and technical personnel, as development proceeds.
However, a note of caution is need-a. Not only is the number of obser-
vations different, but the standard deviations attached to the b coeffi-
cients of the minor groups are much more important than for the major
groups, so that careful interpretation is required. All this indicates
that one can expect to find greatly different values for the occupational
categories within the same develovaient range; this may, in return, sug-
gest the existence of substitution possibilities as between various oecu-
pni ional groups.

In order tn push the examination a little further along these lines,
we have presented five of' the relationships in graphic form (Graphs II-1
to 11-5). Graph:. 1f-2 and 117-4 show m. g. 0 in relation to X/L and EI/L,
respectively. Table II- 1 tells us that in both cases the correlation coef-
ficients are very high (0.91 and 0,92, respectively) and the standard
deviations of the regression coefficients quite low. A look at the two
graphs clearly indicates that, even with such results, the value of the
occupational percentage can vary substantially within a rather narrowly
defined range of the explanatory variable. This is, for example, par-
ticularly strildng in Graph II-1 at around the 700 dollar level of output
per worker. Dut at higher levei of development, one can also notice
clusters of countries with varyii percentage values for their profes-
sional and technical workers category. These suggestions as to the
importance of supl?ly effects leading to substitution possibilities are, of
course, even stronger in Graphs 11-2, 11-3 and 11-5; all of these are
depicting cases where the correlation coefficients are lower and the
standard deviations higher than in the above two cases. Attention has
to be drawm again to the quite considerable spread of the occupational
values at the 600-700 dollar level of output per worker.

It must be said at once that other factors than supply effects can
be responsible for the observed _Luation, e.g. , measurement errors
due to problems of c3.assification and definition, exchange rate problems .
capacity utilization, cyclical movements, etc. However, the fact that
certain spruads are quite important, and that they persist whatever e::-
planatory variable is used, strengthens the case for substitution possi-
bilities.

. MANUFACTURING INDUSTRIES

Table 11-2 shows the outcome of the simple regression equations
for manufacturing. It will be noted that, in general, the correlation
coefficients are lower in this case than in those found at the level of the
whole economy. There are two striking features: first, this time the
sales workers are rather well correlated with the explanatory variables,
particularly with X/1, and In, at least as compared with the situation at
the level for the whole economy; this occupational growl appears to be
better and more narrowly defined in this economic sector and appears
to play an important role in the production process of the manufacturing
industries. The share of this type of labour which can be found in man-
ufacturing is, however, small, the bulk being employed in commerce.
It is largely this fact - and the definitional problem of sales workers in
commerce and services - that makes for the low and statistically

51
59



non-significant correlation found for the whole economy. * The second
feature is that the non-monetary indicator (In) is correlated with the
major groups and with the engineering categories as well as or even
better than is output per worker. It is important to underline the fact
that, whereas the technologists (0-0 and 0-02) do show a definite and
significant relationship with economic and technological development
levels in this sector, this is not at all the case with the so-ei,..11ed pul e
scientists (minor group 0-1). Moving down towards the sector lev,1
does not improve the fit between the technicians' category and the ex-
planatory variables, on the contrary. Combining 0-0 and 0-X gives,
this time, significantly worse results than those obtained with 0-0 above.
When comparing the outcome of the calculations for manufacturing with
those for the whole economy, the difference in the number of observa-
tions will have to be borne in mind.

Contrary to what we saw for the whole economy, the b coefficients
in manufacturing are much higher for the professional and technical
workers (rn. g. 0) than for any other major group. It is exactly unity
with respect to the productivity variable, i.e. a one per cent change in
Xrn 'Lm will tend to be accompanied by a one per cent change in the
proportion of professional and technical workers in the sector, almost
twice as inuch as the ctiange in the proportion of managerial workers.
This result is intuitively acceptable if it is remembered that, accord-
ing to ISCO, worldng proprietors are included in the managerial cate-
gory, and that they tend to decrease in numbers with a rise in the level
of economic development and the consequent growth of industrial con-
centration. In general, however, the standard deviations of t e regres-
sion coefficients are Ingher than for the whole economy; this is partic-
ularly striking for Lie minor groups, where the regression equations
cannot be used for forecasting purposes.

The above considerations indicate the importance of some com-
plementary graphical analysis. This has been done - each time in re-
lation to sector productivity - for major group 0, the STP category,
minor group 0-0, and unit-group 0-02. The results are shown in Graphs
11-6 to 11-9. They have in common tte same striking feature: at given
levels of sector productivity, the values of the occupational percentages
may vary within a quite considerable range and, conversely, countries
with a given value for their occupational percentage are found at quite
different levels of sector productivity.

This "horizontal" and "vertical" evidence of substitution possibili-
ties is perfectly well illustrated in Graph 11-6, which depicts the rela-
tionsh l? between professional and technical workers, on the one hand,
and sec;:or productivity, on the other. A glance at Table 11-2 reminds
us that the result of the regression analysis was better in this case than
for the other three relationships depicted in Graphs 11-7 to 11-9, with a
correlation coefficient of 0.80, a regression coefficient of 1.00, and

* The carreLadon coefficient in commerce - auticipatthg a little on the analysts of this sector -
between sales workers and sector producti=yfr; 13 - 0_ 52, and is signifieut at the 5% level, with rising

levels of development, the number of sales workers in commerce diminishes, which is a consequence of
the growing concentration of retail trade. The pattern is, however, very heterogeneous acro& ountries,

and it is no doubt because of the large proportion of shop-keepers (and street vendors in developing conn-
otes) in the total number of sales wcrkers that the results for the whole economy - as reviewed in the

previous section - are what they are.
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a standard deviation of 0.14. Although the trend is quite clear, devia-
tions from the trend are very important (as summarized in the value

of standard deviation). Thus, as for the "vertical" evidence, we can
refer to the wide ranges of the occupational values at the 1, 000 and
3, 000 dollar levels of productivity. The "horizontal" evidence is illus-
trated at the level of the three and five per cent occupational values,
for example. Analogous, and even stronger, evidence is shown in
Graphs 11-7 to 11-9.

Attention has to be drawn again to factors other than supply which
could explain, at least partly, the above results, such as classification
and definition problems, exchange rate problems and, above all, the
sector composition of output. There is no doubt that this latter factor
is particularly important in explaining part of the deviations observed.
How important this factor exactly is could only be determined on a case-.
study basis and at a higher level of sector disaggregation.

3. SERVICES

Table 1I-3 presents the results of the regresion analysis for the
services sector (aector 8 of ISIC). In this case, sector productivity has
been replace by GDl per capita (OP), and the economic non-monetary
index, by the "social" index (Is) which includes the number of doctors

and dentists, poE,t-primary school enrolments, the degree of literacy
and the number of newspapers and radios. It can, therefore, be consid-
ered as a good indicator of the level, if not of proc:uctivity, then at least
of activity of a large part of this sector.

A glance at Table 11-3 shows that the correlation coefficients are
low and that many of them are non-significant. GDP per capita comes
out on top, whereas the sector share of labour is not related to the oc-
cupational structure at all. Analogous observations can be made with
regard to the regression coefficients: their values are low and their
standard deviations relatively :mportant. Interestingly enough, the
engineering ceegories show again the best correlation coefficients, al-
though the standard deviations of the b coefficients are rather formidable.

Graphs II-10 to 11-13 depict the relationship between VP, on the
one hand, and major group 0, the STP category, major group 1 and 2
respectively, on the oilier. They are impressive evidence of the erratic
nature of these relationships. There are probably two main reasons for
this state of affairs: one is the irregular behaviour of the relative weight

of the services sector in total employment as development proceeds, and
the other relates to the kind of HLM in this sector for which the supply

effects are probably important. The former reason - which is reflected
in countries having about the same sector share of employment in ser-
vices at various levels of development - has, of course, a distorting
impact on the occupational percentage values; this is one of the reasons
why it is sometimes preferable to work with occupational coefficients
rather than with the percentage distribution, as will be explained in
Annex C.* The bulk of HLM in this sector consists of medical personnel,
jurists and teaching staff. The first two categories, in particular, are
frequently considered as "traditional" fields of study where the supply

* The occupational input coefficient is defined as the number of people in a certain occupation

and employed in a certain sector necessary to produce a unit of output (one million US dollars) in that

sectcc.
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effects may thus be important. It must be noted, moreover, that the
three above-mentioned occupational groups are not usually related to
economic and technological variables, but rather to demographic and
enrolment variables.

All this undoubtedly explains a great deal of the results as given
in Table 11-3 and as shown in Graphs II-10 to 11-13. Quite clearly the
services sector functions frequently as a "reservoir" for "non-manual"
manpower, and no clear occupational pattern emerges for this sector
with rising overall levels of development.

4. AGRICULTURE

The results of sector 0 of ISIC are presented in Table 11-4. Two
sector specific non-monetary indicators have been introduced, namely,
fertilizer consumption per worker (F/Li), and tractors per worker
(T/Li). The sources from which this information was drawn are indi-
cated in Annex A. Both variables can be considered as indicators of
agricultural technology in use.

The primary sector is probably less appropriate than any other for
international comparisons of occupational structures, This is so for
a number of reasons. The definition of the agricultural. labour force
differs greatly between countries; thus, the proportion of HLM in total
agricultural employment will depend to a large extent on whether or not
family workers are included in the denominator. The incluoion or not
of the unemployed will also be of particular importance. But even if
this problem is solved, there remains the degree of disguised unem-
ployment, which may affect the denominator (Li) very differently from
one country to another. It could be argued that these differences will
cancel out when L enters on both sides of the equation (for example, in
both Lij/Li and Xi/Li). However, the effect on Lij will be much greater
than on Xi, since even the biggest Lij/L under consideration in this eco-
nomic sector (all non-manual workers taken together: 0 + 1 + 2 + 3)
rarely exceeds 2.5%. It will be realized thai: the distorting factors we
have spelled out are analogous to those mentioned above for the services
sector, when it was also mentioned that in such cases occupational coef-
ficients (with Xi instead of Li in the denominator) would be more appro-
priate for the analysis (see Annex C).

With these qualifications in mind, End turning to the results of
Table 11-4, it is important to note that the correlation coefficients are
higher than those found in services. However, the standard deviations
of the b coefficients are again quite substantial. It is also important to
draw attention to the fact that the two non-monetary "technological" in-
dicators are better related to the minor-lroups than the sector produc-
tivity and investment variables.

All in all, however, and granting the difficulties of measurement
referred to above, the size of the standard deviations suggests that
various occupational structures are possible at given levels of agricul-
tural development and technology as reflected in our explanatory vari-
ables.
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5. MINING

Three explanatory variables are used for the occupational analysis

of this economic sector: sector productivity, gross capital formation

per worker, and the sector share of output. The latter has thus replaced

the sector share of employment, which is logical in view of the capital

intensity of this sector.

The value of the mining sector' s output is particularly sensitive
to the year of estimation. A country with an important production of

silver, diamonds or bauxite will, if the .rear of reference coincides
with a "peak" year, show a very high i.Lgure for its sector prodwAivity

which may have little to do with the technology used and, even less,

with technological requirements in terms of the occupational composi-

tion. Great care has, therefore, been taken to exclude, where neces-

sary, certain countries with extreme productivity values. It also follows

from this that the composition of output may play a distorting role in

cross-country comparisons of this sector. Unfortunately, relevant in-

formation for the important variable EI/Li could only be collected for

14 countries.

The results of the calculations are presented in Table 11-5. They

are rather analogous to those found for agriculture: relatively low cor-

relation coefficients and high standard deviations attached to.i.,w regres-

sion coefficients. These findings lead to the same conclusions as those

drawn at the end of the previous section.

6. CONSTRUCTION

As becomes clear from an examination of Table 11-6, the results

of the regression analyses for this sector are among the "worst" obtained

so far. Besides the productivity variable, two non-monetary explanatory

variables have been used, namely, output of dwellings per worker (D/Li),

and cement production per capita (Ce/P). The investment variable had

to be excluded for want of data. The results with the "size variable"

(Li/L) are not given, because they were totally inconclusive.

In the light of the results obtained with the two non-monetary vari-

ables just mentioned, we shall say only a few words about the analyses

performed with sector productivity as the independent variable. It will

be noted that the correlation coefficient of major group 0 is sig..:ficant,

while the one for managerial workers is not. Combining these .wo oc-

cupational groups makes for a significant improvement in the correlation
coefficient and a considerable drop in the standard deviation, This re-
lationship has been depicted in Graph 11-14, which again suggests con-

siderable substitution possibilities, although the impact of classification

and definitional errors is probably exceptionally important in this sector

(see, for example, the situation of Greece on the graph).

A the level of the minor groups, only the coefficients for the STP

and the engineering categories are significant, although the standard

deviations remain high. Whatever the importance of the measurement

errors may be, it could hardly contradict the conclusion that - at least

on the basis of the present evidence - there appears to be a rather vede

variety of possible occupational structures at analogous levels of devel-

opment in the construction sector.
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7. ELECTRICITY, GAS AND WATER

This small sector of industrial activity comprises mainly the pro-
duction of energy from various sources, but also water supply and
sanitary services. It is, therefore, a rather heterogeneous sector
from the product composition point of view: it falls really in between
industrial and service activities.

The energy producing part of the sector, in industrial countries,
usually has a highly sophisticated technology, extremely capital-inten-
sive and also more "white-collar" - intensive than any other primary
or secondary sector. It follows that the denominator in Lij/Li is usually
quite small: even in the United States of America, there were less than
one million workers in the sector in 1960, or little over one per cent
of total employment. The results of the analyses will, therefore, be
particularly sensitive to errors in the classification of sector employ-
ment.

Two non-monetary variables are included in the analysis: total
production of energy in tons of coal equivalent per worker in the sector
(Ep/Li)*, and gross energy consumption in kg. of coal equivalent per
capita (E/P).** The former only refers to part of the sector under re-
view (because of the water and sanitary services), whereas the latter
is not a sector specific technological indicator as it also includes im-
ports (important for many developing countries) and because it has total
population in the denominator. These facts may partly explain the re-
sults for these two variables as indicated in Table 11-7.

The results with the two other variables (Xi/Li and SI/Li) lead to
the same kind of conclusions s those reached in the sectors reviewed
previously.

8. TRANSPORT AND COMMUNICATIONS

The services in this sector include besides rail, road, water and
air transport, storage and warehousing, and communication services
by post, wire and radio. As other service sectors, this is a very het-
erogeneous one, and it can be expected a priori that this will also be
reflected in the results of our calculations.

Three explanatory variables are shown in Table 11-8: they are
sector output per worker, commercial vehicles per worker (C/Li), and
number of telephones per worker (T/Li). There is no doubt that the
reported data for sector output per worker may depart rather far from
"real" prochictivity in this sector, which tends to be largely a govern-
ment responsibility in most countries with "administered" prices and
wages. This explains the search for non-monetary indicators although,
given the heterogeneity of the sector, it has not been possible to find
indicators covering the entire range of the sector' s activities.

The results indicated in Table 11-8 show that the non-monetary in-
dicators do not improve the significance of the results as compared to

* Source: Wald Energy Supplies, UNO, 1959-1962 and 1961-64; U.N. Statistical
Yearbook 1964-65.

** Taken from Niewiaroski, op. cit., and the same sources as above.
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the productivity variable. All correlation coefficients are low and
many are non-significant; the standard deviations of the regression
coefficients are high in all cases.

We have also included major group 6 - workers in transport and
communications which constitute, of course, the bulk of employment

in this sector. As could be expected, this occupational category is
negatively correlated with the explanatory variables. Anticipating on

Annex C, we have also expressed this category as an occupational ccef-
ficient (6/X) and, as can be seen in Table 11-8 (last row) and Graph
11-15, the relationship between this coefficient and sector productivity
gives the only highly significant fit in this economic sector.

9. COMMERCE

The share of sector employment in commerce of the maximum of
44 countries for which we have the necessary data ranges from 3% in
Zambia and Turkey to 22% in the United States in 1960. As already
noted for the previous economic ecctor, rising levels of sector develop-
ment imply a decrease in the proportion of "mainstay" or sector-specific
workers and a rise in the proportion of higher qualified manpower cate-
gories. The "mainstay" group in the commerce sector being major
group 3 (sales workers), it did not make much sense to retain the usual
aggregate of non-manual worker (0 + 1 + 2 + 3) for the analysis. The
STP minor groups have also been excluded because of their relative
unimportance in this sec-br.

The explanatory variables adopted are sector productivity, gross
capital formation per worker, and sector share of employment. In
addition, GDP per capith. has also been included for reasons already
exposed in section 3 above.

In actual fact the productivity variable for this sector is more
meaningful than for services, and this Shows up in Table 11-9, where it

can be seen that the results with Xi/Li compare very well with those

obtained with X/P. The "mainstay" occupational group (m. g. 3) is again
negatively correlated with the economic and technological variables, as
could be expected and as was the case with major group 6 in transport

and communications. Graph II-16 depicts this relationship between the
proportion of sales workers in the sector, on the one hand, and sector
output per worker, on the other. The very flexible utilization pattern
of the occupational structure is once again confirmed through this
graphic presentation.

Of the four explanatory variables retained, EI/L gives by far the
highest correlation coefficients, although the standard errors are still
rather formidable. The only rational explanation one can advance for
this result lies in the much lower number of available observation.

The lower part ae Table 11-9 shows some of the dependent variables
expressed in a different way: first, asso-called "mainstay" ratios with

ithe sector-specific occupational group n the denominator*, and, second,

as occupational coeficients with sector output in the denominator. The

* Reasons for doing so can be found in C. Leicester, The Manpcwer Link between Economic

Growth and Education, OECD, 1966, mimeographed (DAS/EID/66.%). "pii, 23-24,

, 80
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introduction of "mainstay" ratios slightly improves the results, but
the most interesting result is again obtained with the sector-specific
occupational coefficient - L3/X (last row of Table 11-9).

10. A "HORIZONTAL" ANALYSIS

After this rapid survey of the results of the simple correlation
and regression analyses by sector of economic activity, it is appro-
priate to summarize some of the results by looking at them in a slightly
different way. The best way of doing this, seems to be by presenting
the correlation and regression coefficients obtained with one or more
explanatory variables across economic sectors so that inter-sectoral
comparisons of the results become possible. This will be called here
a "horizontal" analysis.

In the light of the evidence presented so far, this kind of analysis
will be undertaken for the productivity variable only (X/L). It would
have been perfectly feasible to do the same with the other explanatory
va ,bles used in most economic sectors (such as In or EI/L). Those
wi Interested in this additional type of analysis can find all the
reievant information in Tables II-1 to 11-9, which makes it possible to
construct synthetic tables analogous to II-10 and II-1 I presented below.

It is not without interest to unfold the a.-ralysis according to a se-
ries of hypotheses or assumptions which seem to be frequently adopted
by manpower planners, or which seem Lo be built in the results of their
forecasts. After enumerating those hypotheses, we can see how far
the international evidence available confirms them or not.

i) The hypotheses or assumptions

The following hypotheses, it may be recalled, are concerned with
the relationships between (sector) output per worker, on the one hand,
and the occupational percentages in the various economic sectors, on
the other:

1. the correlation coefficient is higher for major group 0 than for
the other major groups;

2. however, within m. g. 0 the correlation is higher for the STP
group;

3. the correlations with these professional and technical occupa-
tions are better in industrial sectors (manufacturing, electric-
ity, etc.) than in the other sectors;

4. the correlations for m. g. 1, and particularly for major groups
2 and 3, will be lower than for the professional and technical
groups;

5. the regression (elasticity) coefficients for m. g. 0 will be higher
than for any of the other major groups. In other words, pro-
fessional and technical personnel will grow faster with produc-
tive development than the other non-manual categories;

6. within major group 0, the STP groups grow faster, and within
STP technicians (0-X); increase faster than engineers (minor
group 0-0 or unit-group 0-02);
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7. all these groups increase more rapidly in the industrial than
in the other economic sectors;

8. major groups 1 and 2 (managerial and clerical workers) will
grow at about the same pace relative to productivity increase,
while m. g, 3 (sales workers) will increase more slowly.

ii) T1 results

The first four hypotheses concern the correlation coefficients of
the various occupalional groups within the same economic sector and
of each of the groups across economic sectors. Table II-10 presents
the relevant results. We will deal with the hypotheses in succession.

1. The first hypothesis cannot be rejected, except in transport and
in commerce; in these two sectors, the managerial category comes
out on top. In general, however, the proportion of professional and
technical workers is indeed better correlated to the productivity vari-
able than that of any other major group. However, the degree of de-
pendence vanes greatly from sector to sector: R varies from over
0.9 for the whole economy, via 0.8 in manufacturing, to 0.3 in trans-
port.

2. second hypothesis ha F. to be rejected in the majority of cases
ir 3::::ht of the evidence. The correlation coefficient for the STP
groo, a whole is not significantly higher than for major group 0,
except in the construction sector. Scientific and technical personnel,
when taken alone, thus seems to be more losely related to the produc-
tive levels attained by countries in their respect-7ve economic sectors
than when combined with the rest of the professional workers, such
as medical practitioners, teachers, social scientists, etc. These latter
occupations are usually thought to be more associated with general living
standards than with standards of production. At this point, we have to
recall the remark already made in Chapter III to the effect that many of
our explanatory variables reflect both demand and supply effects.

Before going on to the next hypothesis, it is worth while examining
for a moment the correlations with the various minor groups composing
STP and, particularly, with the engineering categories. We have just
seen that there seems to be a loss of information when going down from
major group 0 as a whole to the STP level. However, the information
flow increases again when proceeding to the more disaggregated engi-
neering categories: this is the case for the whole economy, mining,
manufacturing, services and, to a certain extent, for electricity. In
spite of the increase, the correlation coefficient for m. g, 0 remains
higher than for the "best" minor group, except in two cases.

3. The third hypothesis postulates a better correlation between pro-
ductivity and major group 0 (and its minor groups) in the industrial
than in the other sectors. Table II-10 clearly shows that the correla-
tion coefficients for the professional and technical occupations are sys-
tematically higher at the level of the whole economy than at the sector
level. If we compare strictly the sector results, the only sector for
which the hypothesis cannot be rejected is manufacturing. The other
industrial sectors have often lower correlation coefficients than either
agricultui or services, which is due less to the goodness of fit in
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these two sectors than to the very poor relationships in the other
sectors.

4. The fourth hypothesis is related to the first one, but implies a hi-
erarchy in the results as far as the correlations of the major groups
are concerned. In general, this hypothesis cannot be rejected, although
attention has to be drawn to the result for major groups 2 and 3 in the
whole economy and in manufacturing.

Hypotheses 5 through 8 refer to the relative values of the regres-
sion coefficients. The relevant results are summarized in Table II-11.

5. T'ie fifthhypothesis states i It the regression (elasticity) coefficient
of m. g. U is higher than these of the other major groups. If we neglect
for a moment the standard deviations, this hypothesis iF confirmed in
four out of nine cases (counting the whole economy as a "sector"): min-
ing, manufr:xturing, construction, and electricity, i. e., in all the in-
dustrial sectors. The difference is particularly evident in the manufac-
turing sector, although the elasticity of sales workers is astonishingly
high. In the next chapter, this case will be further examined when we
come to the problem of "deviant" cases. In agriculture, the profes-
sional and technical workers seem to increase in numbers at about the
same rate as the managerial workers relative to productivity increases,
In transport, commerce anci services, the reverse picture emerges:
the managerial category increases faster with rising levels of develop-
ment. The same is true for the whole economy.

It will be obvious that a more subtle reasoning is required as soon
as the standard deviations are taken into account, in particular, when
they are relatively important.

S. This hypothesis refers to the more rapid expansion of STP within
m. g. 0 and, within STP, to a quicker expansion of technicians as com-
pared to the engineering occupations. The first part of the hypothesis
cannot be rejected: the STP category has a higher elasticity coefficient
in almost all sectors, except perhaps in agriculture and, certainly in
transport and commerce, where these parameters cannot be signifi-
cantly estimated. As already observed previously, the increased pre-
cision in terms of the occupational description is offset by a loss in
precision in the regression coefficients.

The second part of the hypothesis is not supported by the limited
evidence available. For the whole economy, the increase in the propor-
tion of technicians is actually corisiderably slower than that of any other
minor or unit group. The standard deviations are quite considerable
throughout, however.

7. Hypothesis No. 7 pc tulates that the professional and technical
catego:vies increase faster in the industrial than in the other economic
sectors. For m. g. 0 as a whole, the hypothesis is only confirmed for
manufacturing; agriculture and commerce hE re higher elasticities than
mining, construction and electricity. More oi less analogous patterns
hold for the STP categories.

8. The last hypothesis has to be rejected: the managerial group seems
to increase faster than the clerical workers, whilst the sales workers
show a very erratic pattern from one economic sector to another.
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VI

FURTHER OCCUPATIONAL ANALYSES

We shall now make a series of supplementary analyses dealing suc-
cessively with multiple regression analysis, occupational analysis for
a few sub-groups of manufacturing, adjusting for "deviant cases", and
functions implying variable elasticity coefficients.

1. MULTIPLE REGRESSION ANALYSIS

The quantification of relationships between the occupational struc-
ture and indicators of development presented in the previous chapter
was based on simple correlation and regression analysis. It is inter-
esting to examine if the introduction of more than one explanatory vari-
able improves the results so far obtained in any significant manner. In
this respect, it is especially X/L and EI/L which are worth considering.
Table 11-12 presents, for the whole economy, the results of the follow-
ing equation:

log (Lj/L) = log a + b log (X/L) + c log (EI/L) (7.1)

The outcome of these calculations is disappointing, owing mainly
to the high intercorrelation between X/L and El/L. This causes the
resulting regression coefficients to become non-significant. One exam-
ple will suffice: for minor group 0-0, at the level of the whole economy,
the following simple regression equation was calculated with EI/L as
the explanatory variable (see Table II-1):

log (Lo-o/L)= -2.78+0.78 log (EI/L) R = 0.70 (7.2)
(0.22) N = 15

Adding X/L to the equation and using the same country observations,
the results are as follows:

log (Lo-o/L) = -4. 04 +1.44 log(X/L)-0.29 log (ZI/L) R = 0.80 (7.3)
(0.62) (0.49) N = 15

By adding X/L, the correlation coefficient has gone up from 0.7 toP
0.8. This, however, has been obtained at the expense of a severe loss
in the significance of the regression coefficients. Moreover', Table II-1

. 1 I 89



reminds us of the fact that the results with X/L alone were much better
in all respects than those of equations (7.2) and (7. 3). *

The only interesting aspect of equation (7.3) is the suggestion of
the possibility of substitution between capital and engineers (cf. the
negative regression coefficient for EI/L), but the large standard error
attached to the regression coefficient makes even this asp t highly
dubious.

Tible 11-12 indicates that the problem of the size the .:andard

error is a general one; only in one case, the combir. _ 0 _ category,
could ..)th regression coefficients be considered as signuic t. Attempts
with a step-wise regressior ,rogramme at the level of t e lole econo-
my and in the various econc nic sectors confirm the abo- sults: once
the "best" independent variaz-le has been selected, the additicn of further
explanatory variables hardly increases the correlation, and the regres-
sion coefficients usually become insignificant.

One final point may be worth mentioning. It can be assumed a priori
that, for the smaller economic sectors, the introduction into a multiple
regression equation of the scale variables would improve the results of

the fit. As an illustration, we present some of the results for the mining
sector, relating the professional and technical categories to sector out-.

put per worker (Xi/Li) and sector share of output (Xi/X).

- Major group 0:

log (Lo/Li)= -1.35+ 0. 49 log (Xi/Li)+ 0. 22 log (Xi/X) R=0.60 (7.4)
(0.18) (0.11) N= 31

- Minor group 0-0:

log (Lo-o/Li)= -1.35+ 0. 38 log (Xi/ Li) + 0. 28 log (X.i/X) R= 0. 78 (7.5)
(0. 18) (0. 10) N=14

- STP

log (LsTp/ Li) = -1.62 + 0.52 log (Xi/ Li) + 0.24 log (Xi/ R = 0. 67 (7.6)
(0.22) (0.12) N=21

When comparing these results with the simple regressions (see Table
11-5), it will be noted that, for an approximately si.-nilar number
of observations, adding the size variable to the productivity variable
increases the correlation coefficients considerably. The regression
coefficients are not very clear, however, particularly those of the size
variables.

If we are, therefore, entitled to say that the size of this sector
seems to have some influence on the share of professional workers and,
particularly, on the share of the STP and engineering categories, this

* R = 0.87; b = 1.06 (0.13) with 24 observations.
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does not seem to be the case for the managerial and clerical groups.
Thus the multiple correlation coefficients of major groups 1, and par-
ticularly 2, with Xi/Li and Xi/X are barely higher than those with sec-
tor productivily alone.

In sp5te of a few more or less interesting exceptions, the conclu-
sion of this section is clear: in general, the different explanatory vari-
ables selected cannot fruitfully be combined in a multiple regression
equation. Simple regression analysis has to be adhered to.

2. OCCUPATIONAL ANALYSIS FOR
SUB-GROUPS OF MANUFACTURING

One of the results of the analysis presented in the previous chapter
has been that the relationships found between the occupational structure,
on the one hand, and the economic indicators, on the other, are more
systematic and more reliable at the macro-economic level than at the
sector level. In other words, sector disaggregation actually makes for
poorer results.* An attempts has been made to examine whether this
trend is confirmed at the sub-sector level. The occupational data avail-
able from our source** did not permit covering more than two two-digit
branches in manufacturing: chemical industries (ISIC 31-32) and basic
metals and metal products (ISIC 34-38). The number of observations
is 13 at most. For this reason, no statistical estimates were attempted.
Graphic analysis has shown, however, that such estimates would proba-
bly have yielded very poor results.

Thus, the proportion of managerial workers in the chemical indus-
tries, for example, varies from single to double as between Germany
and Great Britain, apparently at a similar productivity level, while
Argentina (with one-fifth of that productivity) reports the same propor-
tion as Great Britain. For minor group 0-0, an asymptotic relation-
ship to productivity is suggested, with the proportion of engineers re-
maining stable at productivity levels above 6,000 dollars.

For the broader sector metal manufacturing, similarly vague re-
lationships appear for managers and, particularly, professional and
technical workers. One of the explanations for the poor fit in these
sub-sectors could lie in the "choice" of countries which are, with two
exceptions, all more or less highly industrialized. As can be seen in
many of the graphs shown in Chapter V, the link between occupational
structure and productivity is usually (but not always) rather loose at the
higher levels of economic development. More detailed analysis, on the
basis of more abundant data, will be necessary before any definite con-
clusions can be drawn from this sub-sector analysis.

3. CORRECTING FOR "DEVIANT CASES"

The calculations presented in Chapter V made use of the maximum
number of available observations. An attempt will now be made to

* Althought account will have to be taken of the impToved results when correcting for deviant

cases, as will be shown in the following section.
** Statistics on the Occupational and Educational Structure .... in 53 countries, 2p. cit.
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identify these observations which can be cmisidered to disturb the "true"
relationship between the variables for one cr several of the following
reasons: (i) probable errors in classifying the dependent variable
(clerical workers classified in the managerLal category, technicians
among engineers or vice versa), having assumed, however, that the
probability of such errors was not great enough to justify the exclusion
of such observations from the outset; (ii) errors in measuring either
the dependent or the independent variable. Examples may be found in
the ambiguities of estimating agricultural production or employment;
the definition of sector output (e. g. , countries giving net material or
domestic product only); the conversior at official exchange rates; the
definizion of the active population (the exclusion or not of female work-
ers, domestic workers, first job seekers, etc.); and (iii) observations
which clearly deviate from the basic pattern because of certain atypical
events, such as policies of rapid industrialization with a consequent
bias in the occupational structure; position of dependence, e. g. , in
trade, with consequent concentration on certain occupations, etc.

The search for deviations due to any of these three reasons obvi-
ously implies personal judgment in each case. This is particularly
true for observations of the third type. It may not be superfluous to
add that observations which were more or less deviant from the regres-
sion line were not excluded without this being explained by one or more
of the above reasons. For certain countries we did, however, exclude
an observation which, without being deviant (as far as was known) in
any of the three senses understood above, could still be suspected to
bias the regression results by its extreme position in relation to the
other observations so as to "stretch out" the correlation or make for a
higher regression coefficient than seemed justified by the "normal'?
average among countries.

As far as possible, we have tried to make explicit the reasons un-
derlying the elimination of each observation concerned.

i) The Whole Economy

It will be recalled that the best results of the regression analysis
carried out so far have been obtained at the level of the whole economy
and with output per worker as the independent variable. A special effort
was called for here to make these results as applicable as possible for
forecasting purposes.

As to the equation relating professional and technical workers to
output per worker, the following seven countries were excluded: the
four East European socialist countries, Finland, Israel and South
Africa.* The results of the regression analysis changed .crery little:
the correlation coefficient increased to 0.91 with an unchanged regres-
sion coefficient (b = 0.66 and 0- = 0.04).

Socialist countries, because of output definition; Finland, because of probable inclusion of

"foremen" in m.g. 0; Israel, because of the third reason, and South Africa, because of the labox

force definition.



The,same is true with regard to the managerial categofy. Elimi-
nating five countries, all different from the seven above*, increased the
correlation coefficient very little and gave about the same elasticity:
0.94 (0. 08). In spite of the extreme position of some of these countries
(see Graph 11-2), their weight is apparently not important enough to
change the basic relationship. The proportion of managerial workers
definitely tends to increase more rapidly than that of professional and
technical workers, contrary to our expectations as discussed in the
previous chapter.

For the HLM group as a whole (0 + 1), all thirteen countries men-
tioned above were excluded. Again, this barely increased the correla-
tion coefficient and left the elasticity almost unchanged: 0.75 (0.04).

More interesting results are obtained with the minor groups. In

the case of the STP and engineering categories, th :_. following countries
excluded were: Germany (ambiguous around the Ingenieur-Schulen),
the socialist countries (see above), and Jamaica (classification errors).
In the case of the STP category, Finland was also excluded for the
reasons stated above.

The results of the recalculation are as follows:-

log (Lo-o/L) = -3.42 + 0.96 log (X/L)
(0.08)

log (LSTP/L) = -2.90 + 0.91 log (x/L)
(0,11)

R = 0.95
N = 18

R = 0.88
N = 24

(7.7)

(7.8)

The log-linear relationship between minor group 0-0 and X/L now gives
a correlation coefficient of 0.95 instead of 0.87, as shown in Table II-1;
the b coefficient becomes 0.96 (0.08) instead of 1.06 (0.13). For the
STP group, the correlation coefficient increases from 0.79 to 0.88,
whereas the regression does not change significantly: 0.91 (0.11) in-
stead of 0.98 (0.14).

The technicians' category (0-X) has also been recalculated with
various countries excluded. However, the conclusions arrived at in
Chapter VI remain valid: the growth of the engineering group proportion

* All eliminations were done because of possible classification errors with regard to professionals,

on the one hand, and to clerical workers, on the other.
Pue2to Rico would have mare managers than each of the two other major groups (in all other

countries, the order is the reverse). As in several other sectors, Jamaica and Hong Kong also appear to

have oddly high proportions (which may, however, be explained for the latter by the presence of many

foreign managers, i.e., by a combination of causes (i) and (iii) as above).

Ecuador, El Salvador and Zambia all have very low proportions, the explanation for which

has still to be found, Only Ecuador was excluded, since it may be responsible, with puerto Rico at the

other end, for the high elasticity, For France, however, the error appears to be a result uf misclassi-

fication.
There are several other (rather less) aberrant cases (such as Panama Korea and the United

States 1960 with "too high" proportions, and Sweden and Ireland with low proportions). However, we

had no particular reasons to treat these countries separately.
The Soviet bloc has in no way a special position. Excluding the four countries would do

nothing to the regression.
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is more rapid than that of technicians, whatever the composition of
the sample, and the standard deviations remain high.

Lastly, we tried to improve the results of the "substitution func-
tion" (see results of the multiple regression analysis with X/L and EI/L
as independent variables: Table 11-12). The crucial problem of the
statistical significance of the regression coeificients was not solved
(the intercorrelation between X/L and EI/L remained very high at
around 0.90), although the multiple correlation coefficients increased
quite considerably.

ii) Manufacturing

A recalculation of the professional and technical personnel cate-
gory (with N = 27) with regard to sector productivity confirmed the
unitarity elasticity found in the original results (Table 11-2); the b
coefficient now becomes 1.06 (0.11) and R increases from 0.80 to 0.89.
The intercept (log a) falls to -3.16.

With regard to sales workers, it will be recalled that a relatively
high R was found, but that the b coefficient looked suspiciously high
(0.96). In the "corrected" version, the regression coefficient becomes
0.64 (0.16) and R also decreases, from 0.74 to 0.61 (for N = 27). Log
a becomes - 1.88.

In the case of technicians, the elimination of only two countries
(Hungary and Jamaica) increased the correlation coefficient from 0,50
to 0.60, but hardly changed the precision of the elasticity: 1.21 (0.46)
instead of 1.17 (0.54).

An interesting result was obtained for the STP group. With 18
observations, the correlation coefficient increased from 0.65 to 0.85,
whereas the regression coefficient became more precise: 1.15 (0.17)
instead of 1.03 (0.43), The intercept fell to -3.62.

Lastly, it may be mentioned that the inclusion of two additional
observations (Greece and the UAR) in the engineering category (0-02)
slightly increased both the correlation and the regression coefficients:
R = 0.83; b = 1.13 (0.24); -3.99 for 12 country observations.

iii) Other Economic Sectors

In agriculture and in electricity, correcting for deviant cases did
not change the original results significanily. Even though in many cases
the standard deviations become relatively smaller, they remained quite
important on the whole.

In the mining sector, and still in relation to sector productivity,
the "corl' -ntions" increased substantially the correlation coefficients,
leaving the regression coefficients basically unchanged, though more
precise.

A striking result was obtained through the exclusion of Germany in
a multiple regression (including, next to Xi/Li, the scale variable Xi/X)
for the two-digit etigineering category (0-0). *

* Germany reported a log-residual of + 0. 56, probably as a result of the inclusion of "middle

level" engineers,
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log (L o-o/Li)= -1.45+0.40 log (Xi/ Li) + 0.25 log (Xi/X) R=0.92 (7.9)
(0.10) (0.06) N= 13

By the entirely justified exclusion of one country, this equation improved
considerably as compared to equation (7.5) above. For the STP group,
the improvement is less spectacular when Germany and Finland are
excluded:

log (LsTp/Li)= -1.54+ 0.48 log (Xi/ Li) + 0. 28 log (Xi/X) R= 0.79 7.10)
(0.17) (0.09) N = 19

This equation is to be compared to (7.6) above.

Many of the illustrations presented above show that a careful cor-
rection for so-called deviant cases can be successful, particularly for
the minor groups, in improving the precision of the estimate.

4. FUNCTIONS WITH VARIABLE ELASTICITY

The preceding analysis was based entirely on an assumption of
constant elasticities implicit in the adoption of a log-linear relationship
between the variables. It may be argued that it is unrealistic to assume
such an unchanging geometric relationship, particularly over long pe-
riods of time, and that a semi-logarithmic function, for example, would
be more appropriate to depict the true relative development between the
variables. A non-linear trend may also be caught by fitting a parabolic
function. When it is felt that ',there is an upper limit to the growth of
certain occupational shares, an asymptote would take account of it. The
plain linear arithmetic function might, of course, also be tried, if one
sees any reason for doing so.*

The trial calculations - made at the level of the whole economy only
and considered appropriate in those instances - did not give significantly
better results than the log-linear relationship. In fact, in most cases
the results obtained were worse in terms of the value of the correlation
coefficients and the significance of the regression coefficients.

A few illustrations may be helpful. In all cases, output per worker
has been taken as the independent variable.**

i) Parabolic functions

The parabolic function makes Lj/L a function of X/L and of its

square (X/L)2. It has been tested rather more successfully than any

* This function has been tried out by Layard (op. cit., p. 225); it gave consistently poorer

results than the log-linear relationship.
** All equations were tested without du, deviant cases, as reviewed in the previous section.



of the other functions for professional and technical workers and for
the STP category. The results are as follows:-

log (Lo/L)= -4.48+2.67 log (X/L) -0.32 [log (X/L)]2 R=0.96 (7.11)
(0.58) (0.09) N= 36

log (LsTP/L)= 5.05+ 2.28 log (X/L) -0.21 [log (X/L)12 R=0.87 (7.12)
(1.93) (0.30) N=25

Although the correlation coefficients, particularly for m. g. 0, are
quite impressive, the obv'_ous colinearity between labour productivity
and its square makes interpretation difficult. It would not seem, there-
fore, that the marginal gains in the value of R counter balance the loss
in ready interpretability and applicability as compared with the double-
log function.

ii) Semi-logarithmic functions

The relationship log (Lj/L) = a + b (X/L) gives less reliable results
than the double-log function in the three cases where this calculation
was performed (m. g. 0, 1 and minor group 0-X).

The only result worth presenting concerns the technicians category:

log (Lo-x/L) = -0.67 + 0.00025 (X/L) R=0.59 (7.13)
(0.00008) N=2I.

As compared to the results presented in Table II-1, the two United
States observations have been excluded here, and the results are more
or less comparable with the double-log equation calculated with the
same country observations.

iii) Asymptotic functions

This function has been tried out f:or the total non-manual category
(major groups 0 + 1 + 2 + 3) to see whether there is an. upper limit to
the proportion of "white collars" an economy can absorb. With the ob-
servations at our disposal, this question cannot be answered statistically
with any degree of precision. For the equation Lj/L = a b (l/X/L),
the correlation coefficient i -0.66 (as compared with 0.79 in double-
log form; same observations, see Table II-1). The asymptote, a, is
close to 30%* and the regression coefficient, b, is -7781.7 (1349.9),
i. e. , much less precise than the log elasticity.

iv) Linear functions

The equation Lj/L = a + b (X/L) has been tried for three major

* This is the least quare value of the asymptote. Some countries have actually a proportion of
non-manual workers exceeding this percentage (United States: 38%, Canada: 36%, etc.). Imposing a

theoretical upper limit of, say, 50% might give better results. However, such a test, as also the present
one, would be of analytical interest only, since no developing country comes near such a proportion.
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groups and for the STP category. In all cases, the results were less
reliable than with the double-log function. For major group 0, the
result was:

Lo/L = 2.55 + 0.00157 (X/I-,) R = 0.89 (7.14)
(0.00014)

and for the STP category:

N = 36

L /L = 0.42 + 0.00045 (X/L) R = 0.78 (7.15)
STP (0.00008) N = 25
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VII

MAIN CONCLUSIONS

The preceding analysis f' the occupational structure of the labour
force suggests the following ,;eneral conclusions:

Output per worker and product per capita are, across the board,
the best explanatory variables with regard to the occupational
structure included in the analysis. In particular, the non-mon-
etary indicators are, on the whole, not better related to the
occupational structure than is X/L.
The introduction of additional explanatory variables into the
regression equation, although frequently improving the corre-
lation coefficient, makes the estimate highly indeterminate
because of the high standard deviations, caused in turn by the
high intercorrelation between most of the independent variables.
A few interesting exceptions were noted. In general, however,
the results of the multiple regressions do not permit the rejec-
tion of the complementarity hypothesis between physical and
highly-qualified human capital.
The best overall results have been obtained for the whole econo-
my, in terms both of correlation coefficients and of the signifi-
cance of the regression coefficients. These results can even
be improved upon by a careful correction for "deviant" countries.
At the least, therefore, the international comparison approach
could serve as a useful macro-economic checking device of na-
tional manpower estimates.
The results for manufacturing, particularly after correcting for
"deviant" cases, are also hopeful, although the problem of the
high standard errors of the regression coefficients begins
to loom large.
In the other economic sectors, the occupational structures ap-
pear to be much more "flexible". This is particularly true in
services and construction.
Within the range of: levels of development of the countries under
review, it would appear that the log-linear (constant elasticity)
function performs best.
In general, it is the professional and technical personnel cate-
gory (m. g. 0) which is best correlated to the independent vari-
ables. The engineering categories (at the two and three-digit
level) frequently also give-Vel:Zy good results. The STP cate-
gories have a tendency to increase faster than all other occu-
pational categories as development proceeds.
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There is no doubt, however, that even if the regression results
are fairly good, one can still observe different values for the
occupational percentages within rather narrow productivity
ranges (cf. Graph II-1). This is, of course, even more so in
other cases, where the standard deviations are more important.
Other factors could, of course, explain the observed variations:
classification and definition problems (for example, technicians
versus engineers), differences in the output composition of the
sectors, etc.

However, the evidence strongly suggests significant differences in
the utilization pattern of highly qualified personnel among countries.
Quite clearly, at the level of aggregation of this study and with the kind
of data used, any interpretation has to be made with extreme care. The
analysis will have to be pursued on a case study basis by taking, for
example, the countries with different occupational values and which are
at analogous levels of development, and for by bringing in a host of ad-
ditional explanatory variables in order to determine which are the most
important factors behind those variations.
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Part Three
ANALYSIS OF RELATIONSHIPS BETWEEN

OCCUPATIONAL CATEGORIES, LEVELS OF EDUCATION
AND SOME GENERAL ECONOMIC INDICATORS

The second part of this study dealt with the econometric relation-
ships between the occupational structure of employment (as a whole and
by sectors) and the general economic indicators. An additional dimen-
sion will now be introduced into the analysis, namely, the levels of
education attained by the different occupational categories or the total
labour force. On the other hand, the disaggregation by economic sec-
tors will be neglected for the time being, as very few countries are
able to supply data on the labour force broken down simultaneouslEby
economic sectors, occupational categories and levels of education.
Accordingly, we shall direct our attention to the occupational catego-
ries/levels of education matrices based on the total labour force.

The following table is included as a reminder of the general form
of the matrices and the symbols most often used: j will represent, as
before, occupational categories and k levels of education.

Levels of education

Occupational categories

B. . . k. .. Total

1

2

.

.

j

.

L13***1A

L2A

.

LjA

.

.

1lk.
213.

.

L.jB

.

.

L '

L2k"

.

L.

.

.

L
1

L2

.

.

L.
J

.

Total L L Lk L
Total employment

The laborious task of preparing the matrices, involved finding a
common classification both for ocOuRational categories and for levels
of education. The ISCO provided A7)coinmon framework for the former;
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for levels of education, a common ad hoc five-tier classification was
worked out:

A: university degree level or above;

B: completed secondary level or above;

C: more than eight years' schooling;

D: eight years' schooling or less;
E: mean years of schooling.
Unfortunately, the available data did not permit to build this com-

mon educational classification for each of the occupational groups ana-
lysed in Part Two. Only the major groups and two minor groups of the
ISCO were considered, namely: Major Group 0, professional and tech-
nical workers; major group 1, executive and managerial personnel;
major group 2, clerical workers; major group 3, sales workers; ma-
jor group 7/8, craftsmen and production workers; minor group 00+

01+02+0X, scientific and technical personnel; minor group OX, techni-
cians. In addition, whenever the mean years of schooling is used to
assess the educational inputs, major group 4, farmers, and major
group 5, all manual categories except farmers*, were also analysed.

All the preparatory statistical work is explained at length in Annex
A; numerical values of observations will be found in Annex G.

The relationships between the magnitudes included in the matrices
and the general economic indicators, and between the magnitudes them-
selves, will be investigated by using simple and multiple regression
analyses and the step-wise regression system. In all cases, a double-
logarithmic function of the following type has been adopted:

log y = log a + b log x (+ c log z)

These relationships are classified in three main groups:

1. First, we try to test our initial assumption, i. e., to detect some
significant econometric link between the level of education of the differ-
ent occupational categories and the level of development. The latter will
be measured bytaking as a yardstick, first, some of the usual economic
indicators, and secondly, the occupational structure of the labour force,
which is itself largely a function of the same indicators, as shown in
Part Two, at least on the level of the economy as a whole.

2. Commonsense would also suggest that the level of education in the
different occupations largely depends on the total stock of education in
the labour force, We shall, therefore, try to discover the connections
between these two magnitudes, in order to drawup a "deployment model"
of the total numbers at each level of education in the differen., occupa-
tional categories. The independent impact of the available stock of edu-
cation embodied in the labour force on educational perfiles of occupa-
tions, will be called "educational supply effects".

3. The analyses mentioned in 1 and 2 will then be combined: this
means that both the development indicators (economic variables and
occupational structure of employment in turn), and the educational
structure of the labour force will be introduced into a multiple regres-
sion equation. An attempt will therefore be made to measure the com-
bined influence of the economic "needs" and of the "pressure" of the
educational system on the educational profile of the different occupations.

* This occupational grouping was called "major group 5" for the sake of commodity, It has

nothing to do with major group 5 (miners) of the ISCO.
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VIII

PRESENTATION OF THE ANALYSIS

I. INTRODUCTION

It may be well to point out that our aim here S to confirm what
isolated comparisons or ordinary commonsense seem to suggest - that
there is a certain positive correlation between the educational inputs
incorporated in the labour force and certain economic variables indi-
cating a given level of development. In other words, the most highly
developed countries should have the most highly educated labour force,
and vice versa.

While the analyses of spatial regression will enable us to confirm
the existence of a correlation (more or less close, according to the
case) between levels of education and levels of development, they cannot
throw any light on the causal relationship: whatever indicator may be
used to measure the level of development, does it result from the level
of education of the working population, or is this level of education a
consequence of the level of development attained ?

By and large, it can be said that all attempts to measure the con-
tribution of education to economic growth consider the former as one
significant cause of the latter in a production function; Denison' s sur-
vey* broke new ground in this field, and has already made some con-
verts.** On the other hand, all those whose job is to make systematic
forecasts of educational needs as part of general economic planni.ng
calculate independent demand functions in which the explanatory vari-
ables are often the same as the dependent variables in the production
function [or other closely correlated variables, which comes to the
same thing].*** The wheel thus comes full circle; clearer evidence
could hardly be found for the probability of a reciprocal causality.

This being granted, the investigator' s realization of his inability
to draw a clear line between cause and effect should not obscure the
importance of clarifying the relationships in either direction by using

* See: The Sources of Growth in the United States and the Alternatives before us, New-York

Committee for Economic Development, SupplementaryPaper No. 1 3, 1962.
** The Contribution of Education to Economic Growth by G. W. Bertram. Economic Council

of Canada, June 1966.
*** See Layard and Saigal, op. cit., pp. 224 and 225, who are very explicit on this point,

June 1966.
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all the statistical data available on the same lines as in the previous
part of this study.*

2. CHOICE OF VARIABLES

i) Depen,_ ent Variables

The level of education of the different occupational categories can
be satisfactorily represented by the real numbers in category j who
have reached each of the levels of education k, given Ljk (see matrix).

It is c ar however, that one cause of the variations in Ljk will
be the size of t :e. total force in the occupational category Lj, which
suggests the idea of calculating the ratios Ljk/Lj in order to eliminate
the dimensional effects. This percentage of each occupational category
with a level of education k was, in fact, adopted as a dependent variable
by Layard and Saigal in their study.

Their published findings show that the labour productivity variable
used by them accounts for only a minute proportion of the variance ob-

served in Ljk/Lj: the coefficients of determination (R2) obtained are
in most cases fairly small. A second rather less "refined" dependent
variable had, therefore, to be found, while retaining the essence of the
information supplied, i.e., Ljk. Thus a second dependent variable was
chosen, Ljk/L, which affords the three-fold advantage of:

1. Taking account of the dimensional effects, owing to L;

2. completely separating the variations in Ljk from those in Lj,
thus retaining only the proportion of group j with a level k in
total employment;

3. lastly, providing the same information as Ljk/Lj.

It may further be noted that it is the educational structure of the
total labour force, Lk/L, which ultimately interests the forecaster; the
roundabout path through the various occupational categories is but an
added luxury, since for each level of education k we have:

L
1
k/L + L

2
k/L + Ljlt/L + ELjk/L = Lk/L

(column totals in the Occupational categories/levels of Education matrix).

We shall, therefore, test this assumption, which is implicit in a
number of studies on these question**, by retaining also Lk/L as a de-
pendent variable. The systematic comparison of equations taking Lk/L
and Ljk/L in turn as the dependent variable will make it possible to as-
certain the j categories able to provide a better fit than by using the
level of education k alone.

* Production function equations with labour input broken down by education levels as explan-

atcry variables, will be presented in Annex D.
** E.g. Econometric Models of Education by TInbergen and Bos, OECD Paris, 1965, and The

Educational Stucture of the Labour Force, Netherlands Economic Institute, Rotterdam, March, 1966,

especially Chapter 3.
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The occupational structure denoted by Lj/L has again bee:a tested
here, although in much less detail than in Part Two, with the abject of
comparing the fits obtained with j/L and 1.,,ik/L for samples :_acluding
the same number of observations

Lastly, it might be interest 2: to consider a synthetic measure
summarizing the total quantity ol education embodied in each occupa-
tional category (kj) or in the total labour force (kt) after havi=g analysed
their successive levels of educat onal attainment. This will give us two
more dependent variables.

To sum up, we shall take sf dependent variables:

Ljk/Lj, i. e. , the numbers a category j witn an educz_ :on k as a
proportion of the to: numbers in that categor-j-
i. e. the numbers ri a category j with an educatIon k as a
proportion of the t: :,a1 labour force;

Lk/L, i. e. , the total numbers with an education k as a proportion
of the total labour force;

Lj/L, i. e. , the total numbers in a category j as a proportion of
the total labour force;

k. representing the mean years of schooling for category j;

kt representing the mean years of schooling for the total active
population.

ii) Explanatory Variables

Our technological indicators will be, in turn, labour productivity
measured by value added per man-year (X/L), Niewiaroski' s ''economic"
ind, x (Ie), and the capital/labour ratio measured by the sum of gross
fixed asset formation during the eight years preceding the census as
related to total employment (EI/L).

The value and limitations of these variables have already beeii dis-
cussed in Part Two*; there is no need to go over the same ground again.

The occupational structure of employment (Lj/L) has also been used
to try to "explain" the level of education of the various occupational cate-
gories. Part Two showed, in fact, that most of the variance in Lj/L
can be "explained" by the economic indicators mentioned. We have,
therefore, felt justified in considering the problem of variations in the
occupational structure as being solved for the purpose of studying edu-
cational levels, thus adopting a two-phase procedure.**

As observed in the introduction to this part of the study, the total
stock of education available in the labour force (Lk/L) should have an
impact on the level of education of the different occupational categories.
The educational structure of the labour-force will therefore be consid-
ered here as an explanatory variable of Ljk/L.***

* See page 47 et seq.

** It will be noted that the occupational structure will be considered successively as a dependent

variable and as an explanamy variable.,
*** It will be noted that the educational structure is also used successively as a dependent vari-

able and as an explanatory variable.
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3. EQUATIONS

All the e7- iations set out below are in double-logarithmic form.

Each can, th -efore, be characterized by 1-ie number of observations
(N), the sirnI_ or multiple correlation coefficient (R), the constant
(log a) and VII different regression coeffic.Lents (b, c ), each accom-
panied by its s-:_andard deviation.

i) Levels of education of the different occupational categories, tech-
nological _ndicators and the occupational structure of employment

Let n represent the three technological indicators, successively
X/L, Ie and ZI/L. A first serie of simple regression equations, linking

the educational profile of the various occimational categories with the
technological indicators, was tested:

Ljk/Lj = f (n) See the results in Table 1II-1 and the
comments in Chapter IX.

Then the level of education of the various occupational categories
was linked with the technological indicators in an analogous way,

Ljk/L f (n)

This series of equations was compared successively with the two

following series:

and
14/1_, = f (n)

Lk/L = f (n)

The results are presented in Table 111-2 and commented in Chap-

ter X.

All the above equations were tested for each occupational group
(from 5 to 9 categories as the case may be), associated in turn with
each of the four levels of education A, B, C and D (cumulative measure-
ments).

The overall level of education for each occupational group or for
the total labour force was also tested, using the following equations:

k. = f (n)

kt = f (n)

See results in Table 111-3 and comments
in Chapter X.

At last, for 3ach occupational category (j) associated with a level
of education (k), the following simple regression equations. were tested:

Ljk/L = f (Lj/L) See results in Table,III-4 and comments
in Chapter XI.
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As already pointed out, this type of equation rests on the assump-
tion that the occupational structure c. employment constitutes a valid
substitute for the economic and technological indicators (Part Two),
at least where fairly broad occ-apational categories in relation to the
economy as a whole are concerned, the only ones considered in this
part of the study.

More(ver these equations .thould allow us to examine whether
changes in tie weights of occu7ational groups in the labour force have
a systematic impact on their edo :ational profiles (levels).

ii) Levels of education of the different occupational categories and the
educational structure of the total labour force

The technological indicators will be dropped here and the levels of
education of the occupational categories will be linked directly with the
educational structure of the labat rorce through the following two series
of equations:

Ljk/L1 = f (Lk/L) See results in Table 111-5 and comments
Ljk/L = f (Lk/L) in Chapter XII.

iii) Levels of education of the different occupational categories, techno-
logical indicators, occupational and/or educational structure of the

labour force

A first .round of multiple regression equations was tested using the
educational structure of the labour force and the technological indicators

as explanatory variables:

Ljk/Lj = f (Lk/L, n)

Then n was substituted for the occupational structure of employment
for the same reason as before, and the following serie was run:

Ljk/Lj = f (Lk/L, Lj/L)

The results are presented in Table 111-6 and and commented

in Chapter XIII.

107



IX

EDUCATIONAL PROFILL DI' THE OCCUPATIONAL CATEGORIES
AND TEC:=-JTOLOGICAL INDICATORS

As already stated Ljk/Lj represents the propoi +-ion with a level of
education k of the total number in occupational category j. This is cer-
tainly the first ratio which, (.7 mes to mind when any attempt is made to
express the "educational pr Z.le" of an occupational group in precise
terms.

However, having regard to the rather unsatisfactory results ob-
tained by Layard and Saigal when this type of measurement is adjusted
for X/L, it would be unwise to expect much new light to be thrown by
equations in the form: Ljk/Lj = f (n), n being any one of the techno-
logical indicators: see the -F-71 results in Table III-1.

Some of the fits are di-i7,--ztly comparable with those in the Layard
and Saigal study, which enahles the following table to be compiled.

DIFFERENT 7ALUES OF R IN THE EQUATION
log 'TA) = log a + b log (X/L)

ISCO
ajor Groups

Levels of
Education

0 1 2 3 TOTAL

LSE OECD LSE OECD LSE OECD LSE OECD I SE OECD

a) University
degree level
or above

b) C ompleted
secondary
level or
above

0, 50

0.41

0.28

CL

0. 37

49

0.12

0.28

0.10

0.17

0. 16

0.19

0. 76

0.55

0.42

O. 51

0.81

0. 69

0.65

0,75

C. Mean years
of schooling O. 57 0.4C 7 , 0.58 0. 50 0.34 0.70 0.63 0. 75 0.74

JRCES: OECD: see Table III-1. Number of observations: (a) 25, (b) 21 and (c) 20.
LSE : Layard and Saiga: or Table 2, page 261. Number of observations: about 19,
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Exactly concordant results could not, of course, be hoped for in
the two cases; but even allowing for (i) differences of sample and
(ii) differences due to certain approximations in quantifying the mm-
bers with a particular level of education, some of the results are rather
surprising. For instance, the excellent correlation obtained by Layard
between graduate sales workers and productivity (R = 0.76) is no:. con-
firmed by our findings (R = 0.42); the same applies to major group 1
(administrators) with completed secondary level or above.

Bearing this in mind, too much importance should not be attached
to the differences noted between two correlation coefficients, especially
if the latter are low; their area of indetermination becomes increasing-
ly larger in this case, especially if the coefficients are calrtulated from
a relatively small number of observations. This does not alter the fact
that the immense majoriV of the correlations shown in Table III-1 are
not significant for a confidence level of 5%, and poorness of correlation
is generally confirmed by the imprecision of the coefficients of elasticity,
most of which are in fact less than twice their standard deviation.

Furthermore, none of the explanatory variables brings any distinct
improvement in the results. Hence although the advantage of the index
for productivity is as we have stated - in that it permits a better inter-
national comparison of real incomes and is less sensitive to cyclical
fluctuations - it must be admitted that the effect of these two factors on
our coefficients is practically nil. This observation also holds good
for our "capital" variable, which is assumed to correspond roughly to
the level of production techniques employed in the preceding years.

Nevertheless, in some exceptional cases the economic indicators
chosen can "explain" up to a third of the variance in Ljk/Lj (R2 = 0.30
- 0.36), which is still, however, very little.

We thus obtain*:

- if j represents administrators and k "more than eight years'
schooling":

log (Ljk/Lj) = 1.17 + 0.18 log (EI/L)
(0.06)

R = 0.68
N = 13

- if j represents sales workers and k "more than eight years'
schooling":

log (Ljk/Lj) = -0.62 + 0.64 log (X/L)
(0.17)

R = 0.69
N = 17

- if j represents manual workers and craftsmen and k "more than
eight years' richooling":

log (Ljk/Lj) = 1.06.4 0.70 log (X/L)
(0.25)

* The list is not exhaustive; see Table

R = 0.59
N = 17



With some notable exceptions, which are too few to allow for any
generalization, there thus does not appear to be any significant statis-
tical link between Ljk/Lj and the technological indicators. The graphs
which follow illustrate this point.

Graph III-1 shows labour productivity (X/L) and Ljk/Lj, where j
represents the "professional and technical workers" and k, "completed
secondary level or above": the correlation is R = 0.42. It is easy to
see, for example, that Puerto Rico and Israel have the same productiv-
ity, whereas their respective values for Ljk/Lj are 95 and 60%. Con-
versely, Ljk/Lj is the same in Canada and Japan (85%), while the level
of productivity is five times as high in Canada as in Japan.

Furthermore, the ratio Ljk/Lj approaches its extreme value
(10056" n several countries, in some of which productivity is low (the
Philip:lines, Japan, Hungary). Even if the t-test is applied to a country
which has an average Ljk/Lj percentage, aberrant confidence limits
are obtained: thus, Ljk/Lj, which equals 59% for the Netherlands, may
in fact fluctuate between 38% and more than 100%.*

Graph 111-2 represents one of the best correlations obtained:
R = 0.69, where j corresponds to sales workers and k to "more than
eight years' schooling". The real value of Ljk/Lj is 13.5% for Ecuador;
but in actual fact, the extreme values calculated by the t-test are 3.2%
and 61%. **

This being so, the imprecision of the statistical links between
Ljk/Lj and the economic indicators clearly seems to be due to the
It complex" nature of the ratio Ljk/Lj, the variations in which result
from the combined variations in Ljk/Lj. In other words, the ratio in-
creases because Ljk increases, or because Lj decreases, or because
both events occur. In reality, the following may happen: the number
of "managerial workers" (major group 0) with "completed secondary
level or above" (Ljk) is twice as high in the Netherlands as in Greece,
while the total numbers in major group 0 (Lj) are three times higher
in the Netherlands; the ratio between these two magnitudes will thus be
lower in the Netherlands than in Greece, although the latter has a much
lower productivity level. This is a frequent phenomenon: while some
industrialized countries tolerate a large fraction of certain occupational
groups with less than the appropriate level of formal education (which
may be interpreted as a sign of social mobility), some developing coun-
tries tend to limit admittance to any given occupational group to the
holders of what is regarded as the adequate qualification, such as a
university degree for major group 0. In their case, Ljk will thus more
nearly approach Lj, which will itself be excessively small, and the ra-
tio Ljk/Lj will be high in countries where productivity is generally low.

The choice of Ljk/Lj as a dependent variable thus entails two se-
rious drawbacks: imprecision of the statistical relationships owing to
the very nature of the ratio, and an upper limit which is too close not
to interfere with the correlations in cases where Ljk is close to Lj,
wilich will be all the more frequent as the levels of education chosen
are cumulative.

* At the confidence level of 95%.
** Admittedly, Zambia and Egypt largely accoutit fOr the inaccuracy of the estimates, but other

countries (Japan, Greece, Hungary), which are respol le#170-poor ccrrei3tions at the "completed se-

condary level cc above", are ,iot included here for la kr1e4a.

*112 0 3
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The lack of a significant statistical relationship observed in this
Chapter could also be interpreted by some in more positive terms: it
shows a remarkable flexibility of occupation-education patterns at anai-
ogous levels of development.

We shall now consider whether the use of T.ijk/1_, as a dependent
variable is likely to yield more precise econometric relationships,
while supplying the same information.
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LEVELS OF EDUCATION OF THE OCCUPATIONAL CATEGORIES
AND TECHNOLOGICAL INDICATORS

This chapter will be divided in four main sections; in the first
two, the results of the equations Ljk/L = f (n) will be compared with
those of Lj/L = f (n) and with those of Lk/L = f (n). Then a third sec-
tion will be devoted to a summary of the main econometric relationships.
Finally t mean years of education of occupational categories will be
related to the technological indicators.

1. Ljk/L, Lj/L AND THE TECHNOLOGICAL ENTDICATORS

As noted above, the use of Ljk/L as a dependent variable should
allow, among other things, direct comparisons with Lj/L f (n), thus
revealing the effect of weighting the groups j by the levels of educa-
tion k.

The introduction of k may, indeed, be expected, in certain cases
at least, to improve the results obtained with the occupational structure
alone; this proposition is, at bottom, only a variant of our general basic
hypothesis, which assumed a significant statistical link between levels
of education and levels of development.

The full results of these regression analyses will be found in Table
111-2; the equations Ljk/L = f (n) are shown in the first 16 columns*,
and equations Lj/L = f (n) in columns 17 to 20.** This section will
therefore be devoted to "horizontal" comparisons of the various corre-
lation figures within each occupational category.

Our expectations were not confirmed in the case of major group 0***;
the figures obtained for the occupational structure alone (Lj7L) are gen-.
erally better than those obtained after introducing any specific educational

* In actual fact, we shall here refer only to the first three levels of education: university degree,

completed secondary, and more than eight years schooling, for which the results are shown in the first

twelve columns. There can, indeed, be no significant correlation at the "eight years' schooling or less"

level (columns 13 to 16) when the occupational categories are taken individually.
** Calculated from the maximum available number of observations, i.e., with the same ,amples

as those used for the "university degree (A)" level; always with the excepdon of major group '7/8. for
which Lj/L = f (n) was calculated with the samples used at "completed secondary level or above (B)".

The Ljk/L percentages at university level were not, in fact, used for this group, as they were too small

to be significant.
*** Professional and technical workers.
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level, whichever of the three economic variables is considered. Appar-
ently, therefore, the .,411e,ntion factor introduces a rivid element into
the equation, which may be explained in different ways.

First, it may be considered somewhat naive to expect a
perfect fit between productivity and the level of education of
professional workers; every year brings forth a batch of
young graduates who try to break into the labour market,
while the level of X/L partly depends on certain cyclical fac-
tors whose influence is by no means negligible. The same
situation is found, however, if the fits obtained for the non-
monetary index, rendered much less sensitive to economic
conditions by its composition, are considered.

A more convincing explanation lies in the fact that major
group 0 includes ce...-tain professions for which a university
degree is required (medicine, the bar, a proportion of teach-
ing posts and, generally speaking, all the "traditional" pro-
fessions) to a varying extent, according to the country and
for reasons having little to do with the economic variables.

Graphs 111-3 and 111-4 with X/L as the X-axis and Lj/L and
Ljk/L as the Y-axis (j major gratip 0, k university degree) bring out

more clearly the role 'of k in the correlations. Graph 111-3 reveals that
three countries are much above the line of estimation - Yugoslavia,
Hungary and Israel; in Graph 111-4 Israel comes into line while four
other countries* join Yugoslavia and Hungary above it. It would thus

appear that weighting by k has different effects on different countries:

- it corrects a problem of occupational classification in the
case of Israel;

- it reveals that the numerical importance of Lj n Hungary
and Yugoslavia is "supported" by an equally high value for
Ljk;

lastly, it suggests that certain low-productivity countries*
can nevertheless boast a higher-than-average number of pro-
fessional workers with university degrees. It is not imma-
terial that these countries should be specifically identified.

Lastly, such countries as Honduras and Ghana, which were in

perfect alignment in Graph 111-3, clearly fall below the line in Graph
111-4, indicating a deficiency of university education in major group 0
in these countries.

The figures for scientific and technical workers** reveal that
there is no significant difference between the correlations obtained with

* The Philippines, Egypt, Japan, Greece,

** Sub-groups 00/01/02/0X.
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Lj/L and Ljk/L. This seems to bear out what has already been said about
the disturbance caused by the proportion of graduates in non-scientific
occupations; when those are deducted from major group 0, as is the
case here, correlations with or without k are of comparable quality,
fluctuating around R = 0.80.

If technicians (0X) are now taken as a separate group of scientific
and technical workers, the figures will be disappoiating, both for Lj/L
and Ljk/L. At university level, this will hardly cause surprise, as
very few countries have higher educational establishments specifically
designed for technicians* at "completed secondary level or above'', on
the other hand, there seem to be two possible interpretations:

errors of observation, which are known to be particularly fre-
quent for the technician category, artificially reduce to real
correlation coefficient through the bias of a systematic increase
in the true variance Cr X2 ;

alternatively, the link between Ljk,'L and the economic vari-
ables is really weak or non-existent: the manpower studies in
developing countries thus bring out the under-representation
of middle-level scientific workers, while at the same time
drawing attention to such quite special circumstances as the
inclusion of commercial, sanitary or other technicians. It is
thus not surprising that the statistical links should seem to lack
significance.**

For major group 1***, the correlations obtained for Lj/L and
Ljk/L arFiairly comparable; at most, some differences may be noted
at university level for X/L (0.73 and 0.63 respectively), and at "com-
pleted secondary level or above" for EI/L (0.63 and 0.78 respectively).
This category does, indeed, raise some serious problems of definition,
and the new entrants undoubtedly are admitted with largely different
levels of education. However, a comparison of correlations as between
the various Ljk/L' s and the economic variables reveals some "prefer-
ential" levels of education for this category****, such as "completed
secondary level or above" and "more than eight years' schooling".
Graph 111-5, moreover, reveals two sub-samples which behave in
rather different ways; we find almost the same countries above the line
as on Graph III-4*****, together with a few others, including Puerto
Rico, Panama and Argentina. Correlations calculated for each of
these sub-samples would give excellent results, but the reasons for the
differences in behaviour must be sought outside the economic variables.

* In many countrils, "technicians" with university degrees will be young people at the start

of their careers, marked out for fairly rapid promotion.

** See, however, the results obtained in Part Two, for Lj/L and certain economic variables,

even though ime are adn- ''.tedly different from ours.

*** Administrative, executive and managerial workers.

**** i.e., those which give the best fit.

***** The Philippines, Egypt, Japan, Greece, Yugoslavia, Hungary.
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For major group 2 - "more than eight years' schooling" - the
preferential 1vel of education is particularly clear: R > 0.80 for all
three variables. The correlation between Ljk/L and X/L at this level
is shown in Graph 111-6; one group of c...:untries, this time "under-
educated" countries, deviates somewhat from the line,* Lastly,
some countries found to be "over-educated" at university level (Graph
111-4) or at secondary level (Graph 111-5) are here fairly well aligned.**

Major group 3*** has the peculiarity of being the only non-manual
occupational category which shows no significant correlation with pro-
ductivity, thus confirming the results already obtained with larger
samples.**** It is not certain, however, that this statistical .ndepen-
dence would be confirmed with every sample; it can, thus, be at least
partly accounted for by the fact that developing countries are strongly
represente.1 in our sample, where an appreciable proportion of the
sales workers group is under-employed (street vendors, etc. ). On the
other hand, as soon as Lj/L is weighted by any educational level k,
significant correlations appear, especially when k represents the "more
than eight years' schooling" level (from 0.68 to 0.78, according to the
variable selected). This seems to indicate that in any sample of coun-
tries where the mass of sales workers possesses a good level of formal
education, and is therefore fully integrated in the more modern sectors
of the economy, there would be significant statistical correlations with
certain economic indicators.

Thus, the fact that this ctategory needs to be weighted by a level of
education k in order to be significantly correlated with .productivity or
another variable, seems to show that, in many countries, this group
includes a large stock of semi-illiterates, which make its definition
highly problematical: street vendors, small independent business, etc.

As regards major groups 7/8*****, the introduction of a level of
education k will distinctly help to improve the correlations between
Lj/L and the economic variables which are only mediOcre: the least
unsatisfactory is 0.58 with the Index. The improvement is especially
noteworthy at "completed secondary level and above", with the variables
EI/L (0.66) and X/L (0.65), ard at the "more than eight years' schoc
ing" level, with the three indicators (0.70 < R < 0.75). It may seem
strange that the proportion of major group 7/8 at secondary level should
be fairly closely correlated with labour productivity, in view of what
was said about the composition of our sample in the last paragraph.
Graph 111-7 indicates the fictitious nature of the fit: it is, in fact,
largely due to the extreme poins******, while the central part shows
almost a perfect scatter.

* Zambia, Honduras, Ecuador.
** Egypt, the Philippines and Yugoslavia although for a different occupational category.

*** Sales wakers.
**** See Part Two.

***** Craftsmen and production process workers.
****** United States, Puerto Rico and Canada for high values of Ljk/L; Ecuador, Ghana, Honduras

and Egypt fat very low values.
,
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It is more interesting to compare Graphs 111-8 and 111-9, incorpo-
rating in turn Lj/L and Ljk/L (k more than eight years, schooling)
with productivity: Graph 111-8 shows that, starting at a certain level
of development symbolized by X/L > 1000, the mass of manual workers
and craftsmen tends to account for a maximum of about 30% of total
employment; Graph 111-9, on the other hand, shows a vigorous expan-
sion of Ljk/L in relation to productivity, especially above the level
X/L .= 1000. It thus seems that, while the proportion of manual work-
ers and craftsmen in the labour force may grow together with X/L in
the first stages of development, a minimum of education for a growing
proportion of this group subsequently becomes a necessity.

The comparison of the correlations obtained between different
economic variables and Lj/L and Ljk/L in turn, allowed us to indicate
preferential levels of education in each occupational category. It would
be easy to confirm that the percentages shown represent very high num-
bers in absolute figures. They thus undoubtedly count for a great deaL
It was not our aim to seek the best possible correlations for all occu-
pational categories with all levels of education. The fact that the pro-
portion of clerical workers with university degrees in the total labour
force is poorly correlated with productivii, , probably means that such
a level of education for this occupational group is not an absolute eco-
nomic requirement, although it is conceivable in countries which can
afford it. In these cases, it may be a symbol of social demand over-
shooting the minimum economic requirements, thus resulting in what
we have called, educational supply effects.

2. Ljk/L, Lk/L AND THE TECHNOLOGICAL INDICATORS

It may be of interest to compare the correlations obtained for the
different economic variables with Lk/L and Ljk/L in turn. Some authors
uphold the argument of a direct relationship between the educational
structure of the labour force and certain economic indicators* because
of the inherent difficu_Lies of translating occupational categories into
levei f education. Still referring to Table 111-2, a "vertical" compa-
rison must this time be made of the correlations obtained with Ljk/L
and with Lk/L for each level of education.** The comparison will be
facilitated by the fact that the number of observations is strictly the
same for all the major occupational groups, and for the labo-:r forc s. ar
a whole.***

1. There is at least one level of education for which the direct connec-
tion between Lk/L and the economic variables is unquestionably of more
interest than the detour through the occupational categories (Ljk/L);
this is the "eight years, schooling or less" level, to which we have so
far paid little attention. At this level, we obtain a high negative corre-
lation with the educational structure, and non-significant results when
the occupational categories are taken one by one. This clearly shows

**
***

See note' °, p. 104.
Equations Ll</L = f (n) are shown ip,the last three lines of Table 111-2.

But distinctly smaller fcc sub-grov4 (r0/01/02/0X and OX.
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that the technological indicators cannot explain the occupational distri-
bution of the numbers with eight years' schooling or less, which is no
doubt determined by the traditional market criteria prevailing in each
country. For employment as a whole, on the other hand, the very
close connection between these numbers and productivity, for example,
is a good sign that a long period of general education for the majority
has some influence on economic development. Graph III-10 showing
Lk/L = f (X/L), with k representing the "eight years schooling or less"
level, also indicates that correlation would be better still if instead of
a log linear function, a function with a varying elasticity were chosen,
adc:pting an asymptote equal to 100% for Lk/L, as X/L diminishes.

2, The situation is less clear with the levels of education A, D, C,
which give in turn a better, equal or inferior correlation with Lk/L as
compared with that obtained with Ljk/L. These comparisons may,
admittedly, seem aimless at first sight, if the final object is to obtain
a satisfactory estimate of Lk. Furthermore, a more precise estimate
for one Ljk/L would probably be offset by unsatisfactory estimates for
othr-r Ljk/L's, if the estimate for Lk/L itself is average. It may, how-
eve, , be of some interest to note the occupational categories for which
a good fit can be obtained, even if other explanatory variables have to
be considered for the other categories. It would then be possible to
add up the various estimates of Ljk/L to obtain Lk/L. This being grant-
ed, the correlations between Ljk/L and the economic indicators at uni-
versity degree level are slightly better than those with Lk/L in two
cases ?illy: major group 0 and scientific and technical workers (00/01/
02/0X). The weighting of the number of university gr duates by one or
other c:f these categories thus provides an additional appreciable source
of accilra.:Jy.

By comparing Graph III-1 1, showing Lk/L = f (X/L), with Graph
111-4, it can be seen, first, that in each case the same countries are
found clearly above the line*, and secondly, that the introduction of j,
major group 0, does not suffice to bring them into alignment.**

Graph 111-1 2 was plotted for Ljk/L, j this time representing scien-
tific and technical manpower, in the hope that this type of personnel
might improve the fit of Graph III-4.*** This was not so; Graph 111-1 2
shows no appreciable improvement on the scatter noted in Graph 111-4.
At most, certain countries are found to have changeJ their position.

At "completed secondary level or above", correlations for Ljk/L
are slightly better than those for Lk/L for major group 0 and stlb-groups
00/0 1/02/0X, roughly the same for major group 1, and worse for the
other occupational categories.

Lastly, at the "more than years' schooling" level, the "sal-
workers" group is the only one to show a slightly better fit than can be
obtained for Lk/L.

* The Philippines, Japan, Greece, Hungary, Egypt and Yugoslavia, to mentir:r: ,-71y the

chief counties.
** There are, in fact, nice countries on _Graph 111-4 r which Ljk/1, fluctuates around 1.296,

while their productivity ranges from 400 to 2, 5.050.10-Ilars per head.

*** The "over-production" of universitY.tratittites is, indeed, more likely to represent an "over-

production" of non-scientific graduates.
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In short, a comparison of the correlations obtained for the differ-
ent economic variables with Lk/L and then with Ljk/L shows that better
correlations can only be obtained with the latter in certain well-defined
cases. For other occupatIonal categories with other levels of educa-
tion, different explanatory variables would have to be used giving some
indication of the level of social demand for education, the prevailing
wage structure, etc.

3. IVIAIN ECONOIVIETI C RELATIONSHIPS

We shall now attempt to select the most interesting equations in
Table III-2, as regards both quality of correlations and the precision
obtained for the regression coefficients.*

First, as regards the explanatory variables, while the use of one
or the other may give different results, the differences are neither im-
portant nor systematic with regard to the correlation coefficients. The
regression coefficients, however, are always highest for the (Ie) indi-
cator and lowest for the "capital" (EI/L) indicator', the ratio being
roughly 1.8 to 1, the elasticities for productivity (X/L) lying some-
where between the two.

Some equations linking the occupational structure with the economic
variables are especially reliable because of the relatively small standard
deviations attached to the regression coefficients; thus, we find:

log (Lj/L) = -1.28 + 0.63 log (X/L)
(0.06)

log (Lj/L) = -3.11 + 0.99 log (X/L)
(0,17)

log (Lj/L) = -1,97 " 0.70 log (X/L)
(0.14)

R = 0.90
N = 25
j = major grc. ) 0

R = 0.82
N = 19
j sub-groups 00/01/02/0X

R = 0.73
N = 25
j = major group 1

These three equations confirm, on the one hand, the occupatioral
redistribution within major group 0 in favour of scientific and technical
workers for which the elasticity is equal to 1, and on ;'he other hand,
the faster growth in the "managerial" cfroup than in the "professional"
group.

log (Lj/L) = -1.16 + 0.92 log (Ie)
(0.19)

R = 0.71
N = 25
j = major group 1

* It should be remembered that the latter are significantly different from 0 when they are

considerably higher than twice their standard deviations in equations based on 20 to 30 observations, ond

more than 2.2 times the standard deviation in emotions based on less than `;.0 observations.
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log (Lj/L) -O. 63 + 0. 92
(0. 12)

R = O. 84
N = 25
j = major group 2

The proportion of both groups in total employment rises at the
same rate; it thus does not appear that the ratio of "number of clerical
workers per manager" shows any sign of changing as economic devel-
opment proceeds. However, the over broard definition of group 1 here
precludes any very specific conclusions.

For the other occupational categories - technicians, sales workers,
production process workers and craftsmen - the standard deviations
are so high to render the elasticities obtained practically unusable.

If we now turn to the equations establishing a direct link between
the educational structure of the labour force and the economic variables,
it will be noted, first, that the coefficient of elasticity tends to become
more precise as the level of education is extended; and next, that the
elasticities are roughly equal for the three levels A, B and C with each
of the explanatory variables considered: b shows little difference from
1. 1, 0.80 and 0.60 with the Index, X/L and EI/L respectively. If,
therefore, the proportions of graduates rise at the same rate, as de-
velopment proceeds, this means that the ratios between these different
Lk/L' s are c( Astant. In other words, the numbers of graduates at the
different levels would, in theory, be linked with each other by the same
ratio in every country, if our correlation figures were perfect.*

Whatever approximations have led to these results, they give some
idea of the rigidity of 'he educational structures; a country that is un-
cl,--r-educated at university level will most likely be under-educated at
secondary level, and vice versa. Our graphs already implied this: we
found no examples of substitution between levels of education, in the
sense that no country which is under-educated at university level was
found above the line at secondary level.

This being so, the proportion with "eight years' schooling or less"
is, as we have seen, very closely linked with productivity; the equation
in log-linear form appears as follows:

log (Lk/L) = 2.72 - 0.40 log (X/L)
(0. 06)

R = -0. 85
N = 17
(see Graph III-10)

We shall now turn our attention to the results of the equations
where Ljk/L is a dependent variable for each of the three levels of edu-
cation A, El and C in turn: see Table 111-2.

1. "University degree level or above". In the cases where significant
results are obtained, the three explanatory variables yield correlations
of very similar quality; major group 0 with ZI/L is, however, n ex-
c eption. Th (Ie) indicator is generally the most "sensitive" variable,
with a regression coefficient higher than 1, whereas that for investment
never rises as high as 0.75. With productivity, elasticity fluctuates

* The ratio of the estimated values of two Lk/L's should be ro,ighly constant.



between these two figures.* The precision of the elasticities varies
according to the independent variable: the standard deviations oscillate
around 20 and 25% of the regression coefficients for Productivity and
investment respectively.**

More specifically, the three regression coefficients are slightly
higher for scientific and technical workers than for major group 0,
which indicates a very slow redistribution of this group in favour of
science graduates. The held opinion that, in many countries,
the shortage of scientific ailf' technical workers is such as to hamper
growth must here be qualified: it is quite clear that the numbers of
non-scientific workers are growing in roughly similar propol This
is confirmed by the analysis of the correlation coefficients for produc-
tivity and investmel L, in proceeding from the total for group 0 to scien-
tific and technical workers. It might indeed have been thought that the
countries giving a poor correlation for group 0 did so mainly because
of a redundancy of "traditional" graduates (see Graph 111-4); if, as is
here the case, there is little improvement when only science graduates
are taken*** (see Graph 111-12), it can confidently be assumed that, in
those countries, the redundancy refers to all graduates, scientists and
non-scientists. This observation does not, of course, exclude an ex-
treme diversity from country to country, having regard to the fact that
as a whole., our correlations remain of very mediocre quality.

As regards major group 1, still at university graduate level, it
will be seen that the correlation obtained with EI/L is the same as with
1e, while the standard deviations are roughly equal for all three vari-
ables: 25% of the regression coefficient.

As examples, a few of the "b,st" e4uations obtained are shown
below:

log (Ljk/L) = -2,59 + 0.84 log (X/L)
(0.17)

log (Ljk/L) = -3.46 + 0.92 log (X/L)
(0.19)

log (Ljk/L) -3.10 + 0.74 log (EI/L)
(0.18)

log (Ljk/L) = -3.28 + 0.80 log (X/L)
(0.21)

R = 0.73
N = 25
j = major group 0

R = 0.76
N = 19
j = sub-groups 00/01/02/OX

R = 0.68
N = 22
j = major group 1

R = 0.63
N 2q

jr group 1

* Major groups 0, 1, 3, r!.1-groups 00/01/02/0X.
** At any rate, more pract-ion i thta:ned than with Lk/L; the "d6tour" through certain occupa-

tional categories thus confers ak:cle:1 1317-tiiA.Qi on the calculation.
*** Strictly speaking only the _Ttar:!1,us hokling a science degree in major group 0 should be taken;

but as can be seen in Annex A, few countries givf..: a br--;.akdown of their graduates into scientists and non-

scientists. The number of scientifl7. and technic.:1 "errimrs (0C 01/02/0X) holding degrees does, how-

evez.., give a rough approximatIon.
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it will be noted that the proportion of managerial workers (major
group 1) increases at roughly the same rate as major group 0 as a
whole, but rather more slowly than the proportion of scientists (00/01/
02/OX).

2. "Completed secondary level or above". A quick look at the Ljk/L
equations at this level shows that the variations in elasticities accord-
ing to the occupational category considered are greater than at univer-
sity level; here, the regression coefficients vary from 1 to 1.7 for Ie,
from 0.7 to 1 for productivity (X/L), and from 0.5 to 0.8 for "capital"
(Z L ).

For the three explanatory variables, the elasticities for "scientific
and technical worker are distinctly higher than those for major group
0; in that group, there will thus be a marked redistribution in favour
of scientifi,z workers, as development proceeds. As an indication of
the order of magnitude, for Ie we get:

log (Ljk/L) = -1.02 + 1.02 log (Ie)
(0.13)

log (Ljk/L) = -2.11 + 1.27 log (Ie)
(0.20)

R = 0.87
N = 21

= major group 0

R = 0.88
N = 14
j = sub-groups 00/01/02/0X

The progression in the "technicians" sub-group proper (0X) is,
however, less rapid than in the other sub-groups (00/01/02), as cai,,
be seen from the following equation:

log (Ljk/L) = -2.19 + 1,12 log (Ie)
(0.40)

R = 0.73
N = 9
j = technicians (0X)

Too much importance should not: however, be attached to the
possible under-representation of technicians of secondary level or
above, having regard to the well-known difficulties inherent in the very
definition of the occupation of technician.

Lastly, executive and managerial workers (major group 1) show
good correlation with X/L, and their elasticity is roughly the

:1 as for the scientific wprkers (00/01/02/0X):

log (Ljk/L) = -3,03 + 0.91 log (X/L)
(0.16)

log (Ljk/L) = -2.94 + 0.88 log (VI.)
(0.16)

R = 0.79
N = 21
j = major group 1

R = 0.85
N = 14
j = sub-groups 00/01/02/0X



In view of the above comments regarding numbers of manual work-

ers and craftsmen with "completed secondary level or above*, too
much importance will not be attached to the relationships obtained in

this case.

3. "More than eight years' schoolin " level. It may here be noted
that the proportion of executive and managerial workers +ends to grow

faster than the proportion of clerical workers, as shown by the follow-

ing equadons:

log (Ljk/L) = -2.93 + 0.95 log (X/L)
(0.19)

log (Ljk/L) = -1.86 + 0.77 log (XX)
(0.09)

R = 0.80
N = 25
j = major group 1

R = 0.91
INT = 17

j = major group 2

In other words, the ratio of executive and managerial workers to
clerical workers with this level of education is tending to increase.
This is probably due to the very wide definition of major group 1, which

ranges from sem. r civil servants to small farm managers; if it were

broken down into a few sub-groups with slightly more specific and stan-

dardized definitions, the analysis of this group' s educational profile

could be considerably refined.

Probably for the same reason, the elasticities for group 1 show a

slight increase or remain the same as the level of education declines,
while the opposite occurs for elasticities in group 0; this tends to show
that the latter group is more and more strictly confined to the higher
educational levels, while there is no decrease in the representation of

the "lower" educational levels in the executive and managerial group.

The orgy really interesting results for the sales workers group were
obtained at this level of education, with an elasticity between that for
managerial workers and that for clerical workers:

log (Ljk/L) = -2.51 + 0.85 log (X/L)
(0.18)

R = 0.78
N = 17
j = major group 3

The elasticities for major group 7/8 (manual workers and crafts-
men) are the highest for any of the occupational categories considered,
whatever explanatory variable is chosen; for productivity, the follow-

ing results are obtained**:

log (Ljk/L) = -2.89 + 1.06 log (X/L)
(0.24)

* See Graph 111-7 and text.

** See Graph 111-9.

R = 0.75
N = 17
j = major group 7/8



This may seem surprising in view of what has been said about
the make-up of our sample, which comprises, it will be recalled, a
majority of developing countries where the educational level for group
7/8 is most likely to be low. However, bearing in mind the broad
scope of this category (including, in many countries, 30% of the total
active population), a high elasticity for the "more than eight years'
schooling" level merely reflects the rapidly rising need for formal
education, a need whi.ch rises with productivity, as well as the need
for more foremen, overseers, eLc. Here again, a more "refined" oc-
cupational disaggregation would serve a useful purpose.

4. MEAN YEARS OF SCHOOLING AND
TECHNOLOGICAL INDICATORS

One criticism which can be made of such measurements as Ljk/L
is that the percentages give a very incomplete indkation of the level of
education of any given group, as they leave out of account of relatively
large proportion of the numbers included. It may, indeed, be asked
whether the rather mediocre quality of certain correlations is not due
to the fact that the Ljk/L, s used represent partial educational inputs
only.

To remedy this drawback, equations have been worked out which
link the same technological indicators as in the previous paragraphs
with the mean years of schooling for each occupational category and for
the total labour force. These data, which involve some tedious calcu-
lations and some rather bold approximations, are taken from the Layard
and Saigal study which moreover specifies that the same weight has
been allotted to each year of schooling; thus one year of primary edu-
cation has been considered the equivalent of one year at the university.*

The equations tested are in the following form:

log (ki) = log a + b log (n)

k. being the mean years of schooling for category j, and n any one of

the technological indicators.

The whole set of results will be found in Table 111-3. Among other
things, it will be noted that, as a rule, the correlation between kt (mean

years of schooling for the total active population) and the economic indi-
cators is more precise (0. 67 < H < 76, according to the independent
vari.able considered) than tliat between k. and the same variables; this

is significant for major groups 1, 3, 4 and 5 only.**

Farmers constitute an exception, however, giving:

* Some wOghting by cost per year of schooling, for example, would have been welcome. It

seems that the authors have not Introduced any such weighting for lack of data. For this reason, we

shall not attach the same importance to this type of measurement of the level of education, which is

of little use for forecasting purposes, though it may be of some interest for comparing the educational

stocks of two populations. Furthermore, most of the census data are largely inadequate for a reasonably

accurate calculation of the mean years of schooling by occupations.

s.,:tt: Major groups 4 and 5 represent farmers and all other manual cLtegories respectively.
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log (k.) -1.07 + 1.07 log (Ie)
(0.23)

Compared with:

log (kt) = -0.41 + 0.75 log (Ie)
(0.15)

R = 0.74
N = 20
k. = mean years of schooling

for farmers.

R = 0.76
N = 20
kt = mean years of schooling

for the total active popu-
lation.

The elasticities for farmers are also the only ones that are higher
than the elasticities for the total active population, whatever exp3anatory
variable is used. This is probably due to the numerical importance of
this group in the developing countries, and the "under-education" by
which they are characterised. The high elasticities thus merely indi-
cate that some leeway is being made up in the mean years of schooling
for farmers as compared with the rest of the labour force., as growth
proceeds.

The unsatisfactory results obtained for major grow- 0 may be due
to the absence of any weighting of the years of educatk,i, in calculating
k.: the more diversified the level of education in this group the wider

the approximation.

The low correlations for clerical workers will also be noted; these
should be compared with the good correlations obtained for the fraction
of this group with more than eight years' schooling. It thus appears
that the numbers in this group with "eight years' schooling or less"
vary from country to country as determined by non-economic criteria.
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XI

LEVELS OF EDUCATION OF THE OCCUPATIONAL CATEGORIES
AND THE OCCUPATIONAL STRUCTURE OF EMPLOYMENT

The aim here is to link the educational level in the different occu-
pational categories with the occupational structure (Lj/L) of employ-
ment, the idea being that the latter constitutes an acceptable substitute
for the technological indicators used hitherto. It was thus brought out
by the analysis in Part Two that fairly definite econometric links e.d.st
between Lj/L and the above-mentioned indicators, at the level of the
economy as a whole.* Certain exceptions should however be noted:
sales workers, technicians, craftsmen and production process workers
iii particular, for which categories some research is needed with other
explanatory variables. There are thus two distinct phases in the anal-
ysis of the educational levels of the different occupational categories:
determination of the occupational structure, using economic or other
variables, and determination of the levels of education on the basis of
the relative size of each occupational category.

There is a second advantage in substituting the occupational struc-
ture of employment for the technological indicators: the explanatory
variable then becomes a percentage related to total employment in the
same way as the dependent variable, and the errors of observation
which affected the indicators are thus replaced by the errors affecting
Lj/L - largely the same as those affecting Ljk/L.

At the same time, however, high rates of correlations can clearly
be expected between Ljk/L and Lj/L, since the first percentage is in-
cluded in the second. Furthermore, the correlations will tend to im-
prove as the level of education considered expands, since Ljk/L will
then gradually draw closer to Lj/L.

It can be assvaned that the level of education within given occupa-
tional groups depends partly on the weight or size of that group in re-
lation to the total labour force. Although the correlation coefficients
obtained may be largely artificial, the elasticity coefficients are of un-
doubted value in this context, precisely because they give us an indica-
tion as to the redistribution (or deployment) of the qualified manpower
within each occupational category, when the weight of this occupational
category changes.

The equations linking the level of education of the different occu-
pational categories and the occupational structure of employment will
be in the form:

* See also Table ID1-2.
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log (Ljk/L) = log a + b (Lj/L)

The full set of results will be found in Table 111-4.

It may be wondered why we have omitted the dependent variable
Ljk/Lj in this case. The reason is very simple: there is no need to

test Ljk/Lj = f (Lj/L) and Ljk/L = f (Lj/L) in succession, because the

three percentages are tautologically linked. We find, indeed: Ljk/Lj =

(Ljk/L) . (L/Lj).

As a result, the parameters of the two equations in double-loga-
rithmic form are linked by the following rigid relationships:

the regression coefficient of the first equation is always equal
to that of the second, minus 1;

the constant of the first equation is always equal to the second,
plus 2.*

This being clear, Table 111-4 shows that excollent correlations are
obtained between Ljk/L and Lj/L in many cases, as expected: thus R
exceeds 0.90 for major group 0 at the "completed secondary" and "more

than eight years' schooling' levels; for major groups 1 and 2 at "more

than eight years' schooling" level; and for major groups 3 and 7/8 at
"eight years' schooling or less" level.

Improvement in the correlation as the level of education considered
expands seems to confirm the existence of artificial correlations, even
though the size of the samples varies appreciably.

Investigation of the elasticities will be facilitated if the following

points are borne in mind:

1) an elasticity close to 1 between Ljk/L and Lj/L signifies that
Ljk/Lj tends to remain constant because of the tautological re-
lationship linking the three percentages;

2) an elasticity higher or lower than 1 signifies that Ljk/Lj tends
to rise or fall for the same reason;

* Starting with the identity:
1. Ljk/1.4 s (Ljk/L) . (L/Lj) , 100

which may be written
2. log (Ljk/Lj) EE log (Ljk/L) - log (Lj/L) + log 100

On the other hand, the two equations may be written as follows:

3. log (Ljk/L) log ao 4 al log (Lj/L)

4. log (Ljk/Lj) tag bo + b1 log (Lj/L)

If equations 3 and 4 are introduced into identity 2, we obtain:

5. log bo + b1 log (Lj/L) log ao + al log (WU) - log (Lj/L) + 2

which may be written:

6. log bo + b1 log (Lj/L) s log 0,0 + 2 + (al - 1) log (Lj/L)

Tf expression 6 is to stay an identity, we have:

log bo log ao -F 2

b
1

al - 1

144
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3) to be satisfactorily compared, the elasticities should prefer-
ably be related to the same explanatory variable Lj/L. Our
comments will therefore refer to "horizontal" comparisons
within each occupational group: see Table III-6. The relative
values of the elasticities should give us an idea of the trend
within ),,he educational profile for each occupational category
(Ljk/Lj).

Thus, for major group 0, the elasticities for the three educational
levels A., B and C are distinctly higher than 1; the proportion with a
D-level education in this group will thus tend to decrease. In addition,
the elasticities at "university degree" and "completed secondary or
above" level are roughly the same (b = 1.3), and higher than that for
the "more than 8 years' schooling" level (b = 1.15). This means that:

a) in this group, when k represents "university degree" level,
Ljk/Lj rises at the same rate as when k represents "completed
secondary level or above", i. e., 0.3%, whenever Lj/L increases
by 1% and Ljk/L by 1.3%;

b) that the two previous Ljk/Ly s increase twice as fast as Ljk/Lj
when k represents "more than eight years' schooling"; the
latter in fact rises by 0.15% whenever Lj/L rises by 1% and
Ljk/L by 1.15%.

In plain language, the "university degree leve)" and the "completed
secondary level or above" are assuming increasing importance in the
educational profile of professional and technical workers, though it is
impossible to say that one is growing faster than the other. On the
other hand, the proportion at both levels is increasing twice as fast as
the proportion with "more than eight years' schooling". Only the pro-
portion with "eight years' schooling or less" tends to fall.

As regards scientific and technical workers (00/01/02/0X), the
elasticity of 0.83 at "university degree level" means that Ljk/Lj dimin-
ishes at this level; at secondary level, the elasticity is close to 1,

meaning that Ljk/L and Lj/L increase at the same rate, or that Ljk/Lj
remains roughly constant. These are indications of the fact that the
number of middle-level technicians rises faster as the relative size of
the scientific and technical workers' group increases.

This seems to be confirmed by the elasticity higher than 1 obtained
for the technicians' sub-group (0X) at "completed secondary level or
above": Ljk/Lj rises by 0.10% whenever Lj/L rises by 1% and Ljk/L
by 1.1%.

For major group 1, the four elasticities do not greatly depart from
1., except at the "more than eight years' schooling" level: b = 1.10;
Ljk/Lj will thus be constant at levels A and B, and will rise slightly at

level C. It should therefore diminish at level D.* There is nothing
particularly surprising about these results: a large though varying
proportion of "managerial and executive workers ... " consists of small
businessmen with one or two employees and their inclusion obviously

It must be remembered that the "more than eight years schooling" (k 1) and "eight years'

schooling or less" (k2) levels of education are mutually exclusive; if one is determined, the other is

residually obtained, as Ljk
1
/L + Ljk

2
/L = Lj/L. The two can, therefore, be employed alternatively,

but not successively.
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tends to lower the general educational profile of this category, for
which, we repeat, some further disaggregation would not come amiss.

In view of the above situation, it is hardly surprising that the edu-
cational profile of the clericaliworkers' group should evolve more
favourably than that of the "managerial group: elasticity is roughly
equal to 1.10 at "university" and "secondary" levels (Ljk/Lj rises at
those levels), and equal to 1 at the "more than eight years' schooling"
level (Ljk/Lj constant). In actual fact, Ljk/Lj should increase at this
level too, as it diminishes at the "eight years' schooling or less" level
(b 0.9).* This stratification of clerical workers by levels of educa-
tion may indicate the growing need f:)r responsible personnel in this
group as it assumes more weight :,1 the labour force.

The education profiles of sales workers and craftsmen and produc-
tion workers follow a similar trend: the elasticities at the three levels
A, B and C are all less than 1. At the "eight years' schooling or less"
level, on the other hand, b is approximately equal to 1.25: Ljk/Lj at
thip, level thus rises by 0.25%, whenever Lj/L rises by 1% and Ljk/L by
1. 25%. Thus, the proportion of those with "eight years' schooling or
less" rises in both groups as Lj/L increase3.

These results should not be considered surprising when it is ro-
membered that Lj/L is not correlated with the economic development
indicators in the case of "sales workers" (0.22 < P. < 0.3 ). and that
moreover, the correlations obtained for "manual workers and crafts-
men" are extremely mediocre (0.44 < R 0.58).

Concequently, to say that the educational profiles of these catego-
ries become increasingly un2avourable as Lj/L rises does not mean
that they also do so as economic development proceeds. In other words,
the postulate on which this section rests is not here confirmed: Lj/L
cannot be employed as a substitute for the technological indicators.

In the case of sales workers, the fact that Ljk/L rises faster than
Lj/L is certainly due to the high representation of the developing coun-
tries in our sample.** In those countries, the numbers in these groups,
are likely to be greatly swollen by a more or less illiterate labour force
arriving from the country: street sellers, craftsmen, jobbing workmen,
etc. To eliminate awkward results, the sample should be split into two:
on one side, countries where these categories obviously act as a con-
tainer for casual or part-time labour, and, on the other, countries
where such structural employment problems no longer exist- The few
observations at our disposal unfortunately prevented us frov adopting
this solution.

A more qualified interpretation will have to be adopted in the case of
craftsmen and production workers. Grap 111-8 above indicates that Lj/L
is only correlated with the technological indicators in the first stages of
development; from the $1,000 productivity level, Lj/L becomes fairly
stable, fluctuating only between 25 and 35% of the labour force.

* This is only an apparent contradiction; coherent elasticities for the "more than eight years'
schooling or less" levels are perfectly conceivable, by manipulation of the standard deviations.

** Only four industrial countries are taken into account at this level of education: Canada, the
United States, Israel and Puerto Rico.
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For countries with X/L < 8 1, 000, Ljk/L rises faster th...n
Lj/L at the "eight years' schooling or less" level; the educa-
tional profile (Ljk/Lj) becomes more and more unsatisfactory
as development proceeds. This is the stage at which a working
class is constituted, with the emphasis on numbers ef relatively
uneducated people.
For couctries with X/L > $ 1,000, Lj/L remains fairly constant,
so that Ljk/Lj will iise only to the extent that Ljk/L rises: see
the tautological relationship mentioned above. But Ljk/L is
closely correlated with Lj/L (R = 0. 96); it will thus also tend
to remain constant.

In our analysis of the relationship between levels of education of
the different occupational categories ar d the occupational structure of
employment, there only remains to say a few words about the links
between the mean years of schooling in each category (k.) and the occu-

J

pational structure (Lj/L).

The equation used to test these relationships is in the form:

log (ki) = log a + b log (Lj/L),

and the only interesting results obtained were in the farmers category,
for which we found:

log (k.) = 1. 87 - 0. 93 log (Lj/L)
(0.22)

R = -O. 71
N = 20

with Lj/L closely linked to the development indicators, especially
productivity:

log (Lj/L) = 3. 91 - 0. 79 log (X/L)
(0. 07)

R = -0. 93
N = 20

As X/L increases, agricultural employment declines, in accor-
dance with certain familiar concepts; and as Lj/L declines, the mean
number of years of schooling for this category increases. This may
seem paradoxical, as it is known that the move from the land is largely
confined to the younger age groups, which are also the best educated;
k. should therefore decline. In actual fact, its diminution is more than
offset by the increase in the mean years of schooling of the total labour
force as development proceeds. And as we shall see in the next chapter,
this leads to a still faster increase in the mean level of education for
farmers.

*

* See p. 139 et seq.
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A short summary of the analysis carried out in the three preceding
chapters may be helpful, as the diversity of the results given may have
somewhat obscured the problem.

While our final aim is indeed to arrive at Ljk in absolute figures,
we have put forward three possible ways of doing so, not all of equal
interest:

1. The first consists in linking the educational profile of the
different occupational categories to the development indicators:
Ljk/Lj = f (n). We have seen that these results did not indicate very
significant statistical relationships. Possible reasons and npinions
concerning these results were presented at the end of Chapter IX.

2. The second consists in linking levels of education in the differ-
ent occupational categories with the development indicators: Ljk/L =
f (n). The results are distinctly better than those previously obtained,
but still vary appreciably according to the occupation or level of educa-
tion considered. In most cases, moreover, the indicators do not account
for a certain fraction of the variance of Ljk/L.*

3. The third method consists in dividing the problem into two
stages: taking advantage of the fact that very good Ljr, = f (n) corre-
lations are obtained, at least for certain categories**, the occupational
structure was taken as known, and Ljk/L = f (Lj/L) was tested. This
method, which has the advantage of agreeing more closely with the
manpower approach in determining the qu:- iv ^ims of educational
planning, can of course only be used w1
known. In addition, this relationshii-
the redistribution (or deployment) of
within each occupational category, vv,
occupational category changes.

tional struc-ture is
is insights into
,nd graduates

tave importance of this

* In the preceding chapters, we have resticted ourselves to simple regression analyses. Some
multiple and step-wise regression equations will be presented in Annex B. However the introduction of
a second technological indicator as an explanatory variable does not modify the conclusions presented here.

** See Part Two or Part Three, Chapter X, Table
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XII

LEVELS OF EDUCATION OF THE DIFFERENT
OCCUPATIONAL CATEGORIES AND EDUCATIONAL

STRUCTURE OF THE TOTAL LABOUR FORCE

We saw in the previous chapter that levels of education of the dif-
ferent occupational categories and/or of the total labour force in some
cases bore no very rigid relationship to the indicators of economic de-
velopment. In most instances, a varying fraction of the variance in
the former remained "unexplained" by the latter. It therefore seemed
logical to look for vP:riables of a different nature to account for the trend
of levels of education by occupations.

It appeared to us, for example, that the "output" of the educational
system over a long period, that is to say, the "supply" of qrtalified man-
power at every level, played an important part in determining thz edu-
cational profiles of the different occupational groups. These will thus
naturally tend to take in In e manpower with a certain level of qualifi-
cations than is strictly necessary*, if it is in relatively plentiful supply
on the labour market. This "distortions' may or may noi mean that this
manpower will be paid less, according to whether or not wages are fixed
in accordance with the traditional rule of marginal productivity.

Conversely, if certain types of qualified manpower are scarce on
the labour market, the educational profiles of the different occupational
categories will be adjusted accordingly, and the wage levels of such
qualified manpower may rise.

In this chapter we shall, therefore, try to bring out the links be-
tween the "supply" from the educational system and the level of educa-
tion of the different occupational categories, leaving the economic
indicators out of account. Any reference to wages will unfortunately
have to be excluded; it is common knowledge that we lag far behind in
the matter of international wage statistics as related to levels of edu-
cation.

1. INTRODUCTION

We shall ignore, for the time being, the economic variables intro-
duced in the analyses in the previous chapter, and concentrate on the
occupation/education matrix alone which contains all the elements of
the problem, provided a few conventions are accepted.

I.e., more than the "needs" of the 9conomy alone would suggest.
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We referred above to the supply of qualified manpower from the
educational system: strictly speaking, th:s supply equals the whole
output of qualified and unqualified manpower produced by the system
for more than half a century back*, allowing for death, disablement
and emigration. The supply could be fairly accurately reconstituted
in countries which have sufficiently long statistical series on the output
of the educational system, as well as reliable mortality tables. In ac-
tual fact, such caloulations are really feasible in very few countries**;
in any event, they all demand the collection of data that lie beyond the
confines of this study.

We shall, therefore, have to be satisfied with a more restricted
notion of th.) "supply" of qualified manpower, taking into account only
the numbers included in the education/occupation matrices as such.
Our assumption will therefore be that the rates of activity applied to
the aggregate number of qualified workers at each level are sufficiently
comparable from country to country to avoid any major distortions in
measuring the "supply". This proposition may cause surprise, since
we know that rates of activity are precisely considered to result from
the confrontation of job supply with demand. Upon taking a closer look,
however, it seems clear that rates of activity for men are roughly the
same (close on 100%) for most age groups; the only marked differences
are found in the younger groups, and are related to length of schooling.

While this, of course, does not mean that there is no under-em-
ployme,nt, especially in the developing countries, it can be claimed that
the census figures cover the immense majority of the male population
of working age, even if a certain fraction is insufficiently or unsatis-
factorily employed. Rates of activity also depend on the level of edu-
cation attained, which strengthens the previous argument: the immense
majority of educated men of working age engage in some occupation,
and the higher the level of education the closer the approximation. We
repeat that this does not exclUde a variable proportion of part-time or
unsuitable employment at every level.

Rates of activity for women depend at one and the same time on age,
level of education and all sorts of psycho-socialfactors which we need not
dwell upon here, with the rates varying widely from country to country.
We can only say in justification of our assumption that as the level of
education rises the variations narrow: almost the same proportion of
women graduates can be presumed to be active in a developing country
as in an industrialized country. Conversely, the low rates of activity
for women in the low-income countries match the marked under-educa-
tion of the female population. Very broadly, our assumption is thus
tentamount to saying that illiteracy among women is the chief cause of
the variations in their rates of activity; the analysis which follows thus
pays special attention to the levels of education at which the supply of
labour can be most accurately measured; i. e., the higher levels.

One last argument arises out of the very nature of the process we
want to define. The assumption is that the output of the educational

* It being assumed that a person qualifying at the age of 15 can still form part of the potential

supply of qualified manpower at the age of 65.
** But see the calculations made in the Netherlands, an example of which is given in The Edu-

cational Structure of the Labour Force, Chapter 2: "The graduate accumulation method", pages '1 and

seq. In France, see the IEDES study already quoted: L'aducation de la population francaise et son 6vo-

lution de 1850 A 1980,
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system is somewhyt, inelastic, and thai: the same numbers of qualified
people are poured into the labour market every year, rPgordless of the
prevailing economic situation. The market must, therefore, be affected
in one way or another by the "impact" of the system, and suffer some
distortion as a result. Our object here is to confirm the existence of
a common pattern of distribution of the system' s output at every level
in the various occupational categories, and while allowing for the re-
servations expressed above, we think that the occupation/education
matrices contain the necessary data to test this assumption.

The aggregate output to be distributed among the occupational
groups will be represented, in each country, by the different values of
Lk/L; the levels of education of the different occ,mational categories
will be successively symbolized, as in the previous chapter, by Ljk/L
and Ljk/Lj.

The equations we shall test will be in the following form:

log (Ljk/L) = log a + b log (Lk/L)

log (Ljk/Lj) = log a + b log (Lk/L)

All the results are to be found in Table 111-5; the most significant
will be analysed in the Section 2,

The average level of education of each occupational group was also
tested in relation to the average level for the total labour force, using
the equation:

log (ki) = log a + b log (kt)

where k. represents mean years of schooling in category j, and kt, mean

years of schooling in the total labour force.

2. ANALYSIS OF THE RESULTS

We shall first say a few words about the Aquations in the form
Ljk/Lj = f (Lk/L) which bring out the incidence of the educational struc-
t2re on the educational profile of the different occupational categories,
allowing for variations in the occupational structure (Lj/L). We shall
then make a more exhaustive analysis of the distribution relationships
in the form Ljk/L = f (Lk/L). Just as we suggested that "horizontal"
comparisons should be made between correlations or elasticities in
reading Table 111-4, it will be of value here also to compare the distri-
bution elasticities "vertically", i. e., within each level of education
(Lk/L): see Table 111-5.

1) Educational profile of the different occupational categories and
educational structure of the labour force

It is worth noting, for the first time in this study, that equations
having Ljk/Lj as a dependant variable yield some meaningful results.
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Generally speaking, it c:an be said that distinctly better fits are obtained
with the form Ljk/Lj = f (Lk/L) than with Ljk/Lj = (n)*, which, it will
be remembered, rarely gives significant correlations.

Returning to the same example, comparing major group 0 with
"completed secondary level or above" in the Neth,,,,rlands and Greece**,
it will be seen that, this time, the ratio Ljk/Lj, which is higher in
Greece (80%) than in the Netherlands (60%) coexists with the same Lk/L
ratios for both countries - 11% - although productivity in Greece is
much below that in the Netherlands. It can thus be seen how the rela-
tive abundance of Lk in a low-productivity country allows better fits for
Ljk/Lj = f (Lk/L).

It will be recalled that we had some reservations to make concern-
ing the utilization of the ratio Ljk/Lj correlated with the economic vari-
ables, as this ratio may be high in certain low-productivity countries
because Lj is artificially low (not because Ljk is too high). Judging by
certain correlations in Table 111-5, which are as high with Ljk/Lj as
with Ljk/L***, these high values for Ljk/Lj must correspond to high
values for Lk/L.

This situation is, however, far from general. It should thus be
noted that while correlation between Ljk/L4, and Lk/L is significant for
categories 0, OX, 3 and 7/8, practically no significant coefficient
emerges at the level of categories 1 and 2. It might have been thought
that the administrative workers ' and clerical worker& groups should
have recorded most of the thrust f:.'om the potential supply of graduates
produced by the educational system, so wide is the definition of these
categories, and so variable the standard of education of their members.
In the case of major group 1, the distortions mentioned in the measure-
ment of Lj undoubtedly have some effect; thus, at "completed secondary
level or above", the ratios Ljk/Lj are practically the same in Japan and
in the United States (67 and 69% respectively), while Lk/L is consider-
ably higher in the United States (47 compared with 30%), and Lj/L is
nearly three times as high (6.3 compared with 2. 3%). The pattern is
less widespread for the clerical workers' category: in the Netherlands,
Israel and Argentina, practically the same proportion of the labour force
has "completed secondary level or above" - Lk/L = 10-12%; further-
more, between 11 and 12% of the manpower in these three countries
consist of clerical workers (Lj/L). On the other hand, while the ratios
Ljk/Lj are comparable as between the Netherlands and Israel (18 and
157c. respectively), the ratio approaches 30% for Argentina - twice as
high Rs that for Israel. As this difference can be explained neither by
the occupational structure, nor by the impact from the educational sys-
tem, (which is similar in both countries), it must be recognized that
the propensity of people with secondary qualifications to hold clerical
jobs may differ from country to country for reasons unconnected with
the scale of growth of the educational system.

With these reservations, it will be noted that the correlation coeffi-
cients for Ljk/Lj decline sharply as the standard of education falls off,
especially in major groups 0 and 3 (lines 3 and 16 respectively). This
should probably be related to the narrow definition we adopted for supply.
For low standards of education, a variable fraction of supply hat. already

* See Table III-1.
** See Chapter IX.

*** At "compkted secondary level or above", major group 0 and technicians, for example.
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been accounted for by the different rates of activity in different coun-
tries, and our Lk/1_, thus give a rather unsatisfactory indication of the
push from the educational system; at the higher levels of education,
on the other hand, any distortions caused by the supply of qualified
manpower are liable to "rectify" the educational profile of the occupa-
tional categories required in accordance with the economic indicators.

The elasticities of the equations Ljk/Lj f (Lk/L) are higher for
the categories with a less impressive educational profile ("sales work-
ers", "manual workers and craftsmen") than for the highly educated
(major group 0); this is natural, as in the latter case, the Ljk/Lj
ratios are sometimes close to 100.

Interference from the variations in Lj/L thus appreciably compli-
cates the interpretation of the results; we shall, therefore, make a
more detailed analysis of the distribution elasticities offered by the
equation Ljk/L = f (Lk/L) in the following paragraph.

ii) Levels of education for the different occupational categories and
educational structure of the labour force

a) University degree level or above. Tht, correlation coeffieients
(R) are particularly high, especially for major group 0 and for scien-
tific and technical workers: 0. 97 and 0.92 respectively. The correla-
tions of Ljk/L with Lk/L are in every case higher than those obtained
with the economic variables*; this is particularly striking as one moves
down the occupational ladder (major groul:L.; 1, 2 and 3). A conclusion,
it will be remembered, was that the presence of university graduates
in these groups, especially in 2 and 3, was also due to factors other
than specifically economic "needs". It inteve how
the percentage of university graduates _11 Liie,0 groups associated
wit:1 the proportion of graduates in the total labour force.** In short.,
we find here a particularly clear tendency on the part of the educational
system to release its university graduates into these occupational groups.

With regard to the c '-4ficients of elasticity, a significant point is
that they are almost equal to 1 for groups 0 and 1, and slightly higher
for groups 2 and 3: 1.1°. These slight "overtaking movements" in
relative terms - which _ present considerable differences in absolute
figures - show that, whezi there is a larger stock of university graduates
availabla in the total labo: r force, a larger number flow into the sales
and clerical workers ca- egories than into the professional or managerial
occu Jations.

There may be several reasons for this: the position may reflect a
relative saturation of aajcr group C, which can absorb no more univer-
sAy graduates, coinciding with a prepo:_deran-e of older age groups in
majo group 1 (few people become "managers at 25). Or the reason

ay be that arts graduate- find no emplcymen: open to them other than
cleric J. work. It may h be r_oted that the elasticity for science grad-
uates (00/01/02/0X) lies between those for managerial workers
and c: ..rical workers: 1.01.

^* See. Table 111-2.
Especially as artificial ccrr ..re less likel to arise here than in the Ljk/L f (Lj/L)

fits, since the values of Ljk/L which -,, e compare correspor ± to the different occupational groups at one

level of Education and hence are not cumulative.
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The standard deviations in the regression coefficients, which
range from 5% (for major group 0) to 15% (for groups 2 and 3) of the
value of the coefficients, suggest, however, that some caution should
be observed.

This being granted, our best equation at "university degree Jevel
or above" will undoubtedly be:

kg (Ljk/L) = -1.19 + 0. 99 log (Lk/L)
(O. 05)

R = 0. 97
N = 25
j = major group 0

b) Cor-pleted secondary level or above. Here again the correla-
tions between LjkiL and Lk/L are better than those obtained for the
economic variables, with a few important exceptions; these are largely
the same for major group 0 and for technicians; and the correlations
between Ljk/L and the economic variables are better for scientific and

technical workers (00/01/02/0X). That the level of education for this
category should be more strictly linked with the economic variables
than with the stock of graduates available at this level may not be due
to mere coincidence.

Is this how we should ,,Literpret the coefficients of elasticity, which

are the same for all three groupt- (b = 0.70 - 0.75), and distinctly lower
than for the other groups ? Yes, in the sense that the flow of "completed
secondary levels" into the former would be limited by theii relatively
hard-a, i-fast Hi' with, say, X/L, and the surplus graduates available
wottld then turn to groups 2, 3 and 7/8, for which the elasticities are
much higher than 1.

Elucticity is particularly high for the "manual workers and crafts-
men" group: 1. 73. It no doubt corresponds to the requirements of
supervisory staff in this category, which should easily be able to absorb
manpower of "completed secondary level or above" as the proportion of
such manpower increases in tilt.. total labour force.

Having regard to the size of the standard deviations, our best t wo

equations will be:

log (Ljk/L) = -0.19 + 0. 73 log (Lk/L)
(0. 08)

log (Ljk/L) = -0.83 + 1. 13 log (Lk/L)
(0. 12)

R = 0. 90
N = 21
j = major group 0

R = 0. 91
N = 21
j = clerical workers

The elasticities in these equations illustrate with some clearness
the uneven deployment of manpower with secondary qualifications in two
different occupational groups.

c) More than eight years' schooling level. The correlation coef-
ficients at this level are all equal to or higher than 0.90, which is not
particularly surprising. The "push" of the educational system can be
expected increasingly to affect all occupational categories as we move
down the educational scale.
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Here again elasticities tend to be higher at the bottom of the occu-
pational ladder. Major group 1 constitutes a shining exception, however:
its elasticity of 1.2 is exceeded only by that of the ' manual workers and
craftsmen" group (b 1.4). The fact that this group strongly reacts
under the impact of the educational system, especially at this level, is
another measure of the variety of oc3upations it includes; the result
is no doubt due to small, independent businessmen, who leave school
to enter the labour market after receiving a general education going a
little beyond the primary cycle.

It will also be noted that the elasticity for clerical workers is dis-
tinctly lower than 1, unlike the position at higher levels of education.
At such a level of education, this occupational group takes only fourth
place in absorbing the available stock. It takes a little m.ore than its
'fair share" at "completed secondary level or above" (b = 1.13), and a

little less at the "more than eight years' schooling" level (b = 0.85).

The coefficients of elasticity are, moreover, fairly accurate; in
some cases, the standard deviations do not exceed 10% of the regression
coefficient:

(Ljk/L)= -0.49 + 0.85 log (Lk/L)
(0.08)

log (Ljk/L) = -1.30 + 1.41 log (Lk/L)
(0.14)

R = 0.94
N = 17
j = major group 2

R = 0.93
N = 17
j = major group 7/8

Here again there is high elasticity for "manual ww.-kers and crafts-
men"; this confirms the position noted for "completed secondary level
or above", and certainly corresponds to this category' s requirements
for supervisory staff.

d) Eight years' schooling or less level. No significant result is
obtained at this level. There seems to be no common model showing
the distribution of manpower at this level among the different occupa-
tional groups. In no group is the proportion with this level of education
related to the proportion of those people in the total labour force.

This absence of any significant relationship between Ljk/L and
Lk/L should be considered in conjunction with the non-significant rela-
tionships obtained between Ljk/L and the economic development indi-
cators: see Chapter X.

e) Mean years of schooling. Here more interesting results are
obtained. All the correlations are better than those obtained for the
economic variables, and they are also excellent for the groups with the
largest and least educated work fome; thus we obtain:

log (k). = 0.05 + 0.99 log (kt)
3 (0.07)

158

R = 0.96
N = 20
j = sales workers
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log (k -0, 50 -r 45 log (kt)
(0.06)

log (k ) = 0.07 + 0.90 log (k..)
(0. 06)

R = 0.99
N = 20
j = farmers

R = 0.97
N = 20
j = all manual

workers except
farmers

Here the correlations are cllsVmtly better than in k. = f (n); the
"push" factors apparently play a more important role than the "pull"
factors as expressed by our economic variables. The level of education
in these categories is more closely related than that of other categories
to the mean level of education for the whole labour force, and this is
intuitively acceptable when it is known that these groups are the least
highly educated and the last to be "served" in the matter of education.

This applies in particular to "farmers", the only group with an
elasticity higher - much higher - than 1*, which seems to indicate that
the level of education in this group goes some way towards overtaking
that in the other groups as the mean level of education in the total labour
force improves.

.r:s T3 same time, owing to the absence of weighting of the years
of in calculating k. and kt' and to the composition of our sam-
ple, dominated by countries

3where 90% of the active population has not
gone beyond the primary level, the improvements in kt, in fact, mirror
the lengthening ;ynd/or introduction of compulsory education over a
certain period.

While the "sales workers" group maintains its mean level of edu-
cation in relation to the rest of the active population, the same cannot,
unfortunately, be said of manual workers other than farmers, of which
"production process workers and craftsmen" and "service workers"
form the largest groups; their elasticity remains, indeed, distinctly
lower than 1.

For categories 0, 1 and 2, the correlations are only mediocre, and
the elasticities all lower than 0.25; we obtain in succession:

log (k.) = 0.96 + 0.16 log (kt)
(0.04)

log (k.) = 0.79 + 0.25 log (kt)
(0.07)

log (k.) 0.83 + 0.21 log (k t)
(0.05)

R = 0.71
N = 20
j = major group 0

R = 0.66
N = 19
j = major group 1

R = 0,71
N = 19
j = major group 2

* b = 1 with a remarkably small standard deviation (0. 06).
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The "impact" of the educational system measured by the number
of years of schooling is felt much less strongly in i,hese categories, as
shown by the low elasticities obtained. Furthermore, the average level
of education of these categories seems to be rather poorly defined in the
absence of any weighting of the years of Fcbooling.

In conclusion, it thus seems clear that the level of education of the
different occupational categories is, in many cases, strongly influenced
by the educational structure ol the total labour force. It would, there-
fore, appear that this is suggestive for the existence of educational
supply effects. In other words, the development and expansion of edu-
cational systems seem to play a role of their own in the explanation of

the observed educational profiles and levels of occupational categories.
In the next chapter, we will attempt to develov the analysis somewhat
further by combining these educational "push' factors with the economic
and technological "pull" factors.
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XIII

LEVELS OF EDUCATION OF THE DIFFERENT
OCCUPATIONAL CATEGORIE TECHNOLOGICAL INDICATORS,

OCCUPATIONAL AND/OR EDUCATIONAL STRUCTURE
OF THE LABOUR FORCE

1. INTRODUCTION

The object of this analysis is to confirm the existence of significant
relationships between the three types of variable so far studied; the re-
lationships between these variables taken in pairs have already been
dealt with in Chapters IX, X .md XI (levels of education of the different
occupational categories as related to economic indicators or the occu-
pational structure), and in Chapter XII (levels of education of the differ-
ent occupational categories and educational structure of the labour force).

In Chapters IX, X and XI, we tried to estimate the fraction of the
variance in Ljk/L which was exclusively due to the economic indicators
or the occupational structure, for the time being deliberately ignoring
any other causes of variation in Ljk/L. In Chapter XI!, we left the
economic variables out of account, and tried to show how the educational
profile of the different occupations was affected by the "push" from edu-
cational systems, whose earlier development (with some exceptions in
Eastern European countries) was not made dependent on explicit eco-
nomic objectives.

Bearing in mind that ale independent variables do not account for
the entire variance in Ljk/L, an attempt has here been made to estimate
the combined influence of the economic indicators and educational struc-
tures on the leve of education in the different occupational categories.
The purpose of this zhapter is thus to provide a somewhat more accurate
image of the variations in Ljk/L, R s these depend both on the needs of
the economy and on the earlier development uf the educational system.
An attempt will also be made to determine, as far as possible, the dom-
inant influence in each case.

As P first step, the eeonomic indicators and the educational struc-
ture of the labour force will, therefore, be combined in a multiple re-
gression equation in double-logarithmic form:

log (Ljk/L) := log a b log (Lk/L) c log (n),

with n representing any one of the ecOnomic variables,.
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The occupational structure of employment will then be substituted
for the economic variables, for reasons already mentioned in Chapter
XI. We shall then test:

log (Ljk/Lj) = log a + b log (Lk/L) + c log (Lj/L)

The reasons for using Ljk/Lj instead of Ljk/L are given in
section 3.

2. LEVELS OF EDUCATION OF THE DIFFERENT
OCCUPATIONAL CATEGORIES, ECONOMIC VARIABLES

AND EDUCATIONAL STRUCTURE OF THE LABOUR FORCE

We need not revert here to the significance of the dependent vari-
ables - successively Ljk/Lj and Ljk/L - since this has been dealt with
previously. The explanatory variables present no particular problems:
n will be sometimes labour productivity (X/L), sometimes investment
(LI/L) or tne non-monetary indicator (Ie).

The multiple regression equations were tested by the step-wise sys-
tem, which consists, it will be remembered, first in, selecting the
independent variable giving the best correlation with Ljk/L or Ljk/Lj,
then introducing into the equation additional explanatory variables only
insofar as they can improve the correlation.

In each case, i. e. , for each category j associated with a level of
education k, two types of equations were tried:

one with Lk/L, X/L, EI/L as explanatory variables,
the other with the same explanatory variables, plus the indi-
cator Ie,

giving four equations in all - two for each dependent variable.

The underlying statistical assumption is that, if two types of explan-
atory variable (Lk/L and n) are taken into account, this should enable
a larger fraction of the variance in Ljk/L or Ljk/Lj to be "explained"
than if the variables were taken separately. Accordingly, we showed
in Table 111-6 only the equations which confirm this assumption. They
are moreover the same as thokie yielding significant coefficients of
elasticity, i. e. amounting to more than twice their standard deviation.

It will be seen that the "eight years' schooling or less" level and
the "lower" categories in the occupational hierarchy, are not included
in Table 111-6. While it is easy to explain the absence of D level which,
when broken down by occupational categories, failed to yield results,
these being only obtained fo; the total labour force, various interpre-
tations are possible as regards the "sales workers" and "manual work-
ers and craftsmen" categories, for which no significant relationships
were previously obtained.

- One possible explanation lies in the existing correlations between
the explanatory variables Lk and n. It is, however, hard to see
why these variables, which are the same for all occupational



categories, should affect the "sales workers" and "manual
workers and craftsmen" groups more than the others.

The often high correlation obtained with Ljk/L = f (n) and
Ljk/L = f (Lk/L) separately may prevent any further improve-
ment. A quick glance at Tables 111-2 and 111-5 does, however,
show that some other occupational groups are in the same
position.
In actual fact, these two categories have already stood apart
from the others on two occasions: the equations Lj/L = f (n)
and Ljk/L = f (Lj/L) give practically no significant results in
their cases.* In diagrammatic form, if symbolizes a
significant relationship, and------g.the absence of any signifi-
cant relationship, we obtain for these two groups:

(Lk/ L)

(n)

If then, the absence of any significant relationship between Lj/L
and n, in particular, goes along with poor correlations for Ljk/L = f
(Lk/L, n), better results might properly be expected if n were replaced
by Lj/L. If this were so, Lj/L, not n, would represent the needs of
the economy in these two groups, insofar as Lj/L could be linked to
other indicators that, those considered so far: see section 3 below.

To revert to Table 111-6, the step-wise system selected in the first
place the variable Lk/L, then one of the economic indicators X/L.

(an) or EI/L (bn), without it being possible to say that one is used more
systematically than the other, with better results.

When Ie (ce) is also included among the explanator3r variables, it
is fairly often chosen, but always after the variable Lk/L: see the re-
lationships indicated under Table 111-6.

In the few cases where both equations, with Ljk/L and Ljk/Lj as
the respective dependent variables, give significant results, the differ-
ences already noted in the quality of the correlation subsist in favour of
the Ljk/L equations; it is, however, only fair to point out that the dif-
ferences are smaller than those noted in previous sections, especially
for major groups 0 and 2.

If, furthermore, the correlations obtained with Lk/L and n com-
bined are compared with those obtained with n (Chapter X) and Lk/L
(Chapter XII) separately, the following points emerge:

1. The correlations between Ljk/L and n are always inferior to
those between Ljk/L and Lk/L. But this is at least partly due
to the fact that the observational errors are larger for n, which

* See Tables 111-2 and 111-4. A different interpretation must be sought for technicians (OX), who

do not appear in Table 111-6 either; in this case we seem to come up against a problem of classification

which the small number of observations at our disposal does not allow us to overcome,
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causes the correlation coefficients between Ljk/L and n to
under-estimated. Conversely, any errors of observPtion for
Lk/L recur, at least partly, in Ljk/L; their influence is thus
negligible. The same argument can be advanced in the case
of Ljk/Lj.

2. The correlations obtained for Ljk/L = f (Lk/L, n) are always
slightly better than those obtained for Lk/L alone, or n alone,
which gives some support to our initial assumption, namely,
that the level of education of the different occupational groups
is better "explained" by the combined influence of the economic
indicators and the educational structure of the labour force.
The improvements are often extremely small, especially when
the Ljk/L = f (Lk/L) correlations are already very good. When
Ljk/Lj is the dependent variable, on the other hand, the im-
provements are usually substantial; this is quite understand-
able, since the correlations are only mediocre for Lk/L alone,
and a fortiori n alone.

Table 111-6 includes all the significant regression coefficients*,
which are analysed below:

1) Equations in the form: Ljk/Lj = f (Lk/L, n)

In these equations, the elasticity for Lk/L is always positive,
whereas for the economic variables kn) it is always negative. Further-
more, it is generally higher, in absolute figures, in the first case than
in the second, with some exceptions which will be set forth below.

When log (Lk/L) and log (n) both vary by 1%, log (Ljk/Lj) always
increases by a percentage equal to the difference in their elasticities.
In other words, the "push" of the educational system acts as the driving
force, with the "needs" of the economy acting in some sort of a brake.

Thus, for major group 0. at university-degree level, we obtain:

log (Ljk/Lj) = 1.98 + 0.71 log (Lk/L) -0.26 log (n)
(0.08) (0.07)

R = 0.91

log (Ljk/Lj) here rises by 0.45% for each variation of 1% in the explan-
atory variables. If the "needs" of the economy are maintained constant,
log (Ljk/Lj) will rise faster (by 0.71%) with each 1% increment in the
supply from the educational system. If, on the other hand, there is no
change in the latter (Lk/L constant), Ljk/Lj will decline with every in-
crease in productivity, for example. This is not unduly surprising;
when X/L rises, Lj/L will also tend to rise; if, at the same time,
Ljk/L tends to remain constant (being closely correlated with Lk/L,
which is itself constant), there are two good reasons why the Ljk/Lj
ratio should diminish.

There are two important exceptions to these interpretations of the
results obtained:

* As well as some which are not significant (1. e. less than 7Wice their standard deviations) for
reaL _as explained above.
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a) The first relates to group 00/01/02/0X; even in Table 111-6,
where n represented productivity, it cannot safely be concluded that an
elasticity for Lk/L will be higher than for X/L, owing to the standard
deviations. The inclination is in fact to assume the contrary, if we
consider:

log (Ljk/Lj) = 2.60 + 0.69 log (Lk/L) - 0.86 log (Ie) R = 0.67
(0.21) (0.35)

j representing 00/01/02/0X p.nd k "university-degree level or above".
When the explanatory variables vary, Ljk/Lj should therefore remain
constant or even decline. This can no doubt be explained by the fact
that the numbers in this occupational group holding a university degree
(Ljk) rise at the same rate as the total numbers (Lj), or even more
slowly, having regard to the greater relative importance of middle-level
technical workers as development proceeds.

b) For clerical workers at "university-degree level", the situation
is rather the same; we have:

log (Ljk/Lj) r 2.69 + 1.54 log (Lk/L) - 1.84 log (Ie) R = 0.91
(0.16) (0.25)

Here again, Ljk/Lj would diminish, or at most remain constant, and
countries at such different stages of development as, say, Canada and
the Philippines would have the same proportion of clerical workers
with university degrees. While this may not be an unacceptable propo-
sition, having regard to the intellectual under-employment prevailing
in many developing countries, it does not hold good when the non-mon-
etary indicator is replaced by "capital"; this gives:

log (Ljk/Lj) = 2.68 + 1.22 log (Lk/L) - 0.86 log EI/L) R = 0.85
(0.17) (0.16)

according to which log (Ljk/Lj) would increase by nearly 0.40% whenever
the explanatory variables increased by 1%.

A similar calculation might be made for clerical workers of "com-
pleted secondary level or above'', which illustrates the importance of

EI/L for the educational profile of this occupational group.

To sum up, the Ljk/Lj ratio is subject, in the equations considered,
to opposite influences with a variable resultant; either the "push" of
supply gets the better of the strict "needs" of the economy, and Ljk/Lj
rises; or else, the two influences roughly cancel out each other, and
Ljk/Lj remains stable. In certain cases, the ratio may even decline,
although the lack of precision in the elasticity coefficients should incline
towards caution.

Some thought should, however, be given to the significance of this
negative influence of "needs". It is entirely due to the fact that the in-
fluence seems to be mainly exerted through Lj, which is the denomi-
nator of the Ljk/Lj ratio ? Or are there other reasons ? The following
paragraph may throw some light on the matter.



ii) Equations in the form: Ljk/L = f (Lk/L, n)

The elasticities of Lk/L and n are both positive, the first being
always distinctly higher than the second for all occupational categories
at all levels of education. There are a few rare exceptions to this
general rule which are dealt with below.

In other words, the effects of the "push" exerted by the educational
system are, in most cases, added to the "needs" of the economy to de-
termine Ljk/L, the former being in some way distinctly more impor-
tant than the latter. Judging by the partial elasticities, about 70% of
the variation in Ljk/L may even be ascribed to variations in the "supply"
of the educational system.* What is more certain** is that this propor-
tion seems to remain the same, whatever occupational group or level
of education is considered.

A first acceptable finding would certainly be that the supply from
the educational system is a more important factor than the strictly
economic needs in determining the levels of education of the different
educational categories. It is still difficult to explain, however, why
this division of influence remains the same in every case; the influence
of supply (Lk/L) might thus be expected to be greater at the lower levels
of education, which often account for the majority of the labour force.

Meanwhile, the exceptions mentioned will, perhaps, throw some
light on the matter:

For major group 0 at "completed secondary level or above", it
was also found with the non-monetary indicator that:

log (Ljk/L) = -0.72 + 0.48 log (Lk/L) + 0.51 log (Ie) R = 0.95
(0.10) (0.14)

In this equation, the "push" from the educational system and the
i!needs" of the economy have a roughly equal influence on the determina-
tion of Ljk/L.

For major group 2 at "university-degree level" and "completed
secondary level or above", the exception is of another kind: while the
elasticity for n is still, in absolute value, well below that for Lk/L,
this time it is negative. At "university-degree level" we thus get:

log (Ljk/L) = 0.48 + 1.81 log (Lk/L) - 1.24 log (Ie)
(0.18) (0.17)

R = 0,93

1. e. , the situation is exactly the same as for the Ljk/Lj equations. It
is indeed quite conceivable that the proportion of the total labour force
represented by clerical workers who are university graduates should
mainly depend on the available number of graduates. The negative elas-
ticity for Ie may be interpreted as follows: in the early stages of de-
velopment, some university graduates take office jobs where their
capacities are not used to the utmost for lack of other work more suitable

* This is merely a gh approximation intended as a basis for our argument, since it takes no

account of the interaction between the explanatory variables.
** As the interaction alluded to in footnote" is roughly the same in all the equations,
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to their education. As development proceeds. Lk/L remaining constant,
the graduates leave these office jobs for newly created professional
posts; Ljk/L will therefore tend to diminish.

iii) Equations in the form: k. = f (kt, n)

Significant results were obtained only for clerical workers:

log (k ) = 0. 98 + 0.33 log (kt) - 0.16 leg (Ie) R = 0.79
(0.07) (0.07)

and for sales workers:

log (k ) = 0. 33 + 1.15 log (kt) - O. 13 log (EI/L) R = 0.97
(0. 08) (0. 05)

Here the number of years of education embodied in the active popu-
lation might be expected to be the prevailing influence; in the case of
sales workers, it even appears that, kt being kept constant, there is
some substitut.ion between human"capttO'Wand physical "capital"
(EI/L): as the latter increases the former decreases, and vice versa.

iv) Other significant relationships

In certain cases, the step-wise programme selected not one but
two technological indicators, in addition to Lk/L.

a) Table 111-6 gives for managerial workers at "university-degree
level" at Ljk/Lj equation whose regression coefficients are lacking in
significance. They acquire meaning if an additional economic variable
is introduced into the equation; thus we obtain:

log(Ljk/Lj)= 1.62+ 0.40 log(Lk/L)+ 0.79 log(EI/L)- 1.01 log(X/L) 11=0. 64
(0.16) (0.35) (0.46)

b) At the "more than eight years' schooling" level, some of the
correlations in Table 111-6 can be further improved with a third explan-
atory variable. This is the case for "professional workers", where we
have:

log(Ljk/L)= -0.41+ 0.58 log(Lk/L)+ 0.47 log(LI/L)- 0.37 log(X/L) R=0. 98
(0.10) (0.14) (0.19)

and for "clerical workers", with:

log(Ljk/L)= -1.55+ 0.56 log(Lk/L)+ 0.73 log(X/L)- 0.29 log(EI/L) R=0. 98
(0.11) (0.21) (0.15)

The small gain in quality of correlation in these relationships is,
however, offset by the loss in precision of the coefficients of elasticity;
This was in fact foreseeable, since it was shown in Chapter VI that the
economic indicators could not be regarded as complementary in
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determining levels of education for the different occupational cate-
gories.

The relationships will thus be of little practical utility, and are
mentioned here only for the record.

Throughout the preceding sections, the levels of education of
the different occupational categories were correlated with the educa-
tional structure of the labour force (Lk/L) and the economic indicators
(n). In the same way as we replaced these indicators by the occupation-
al structure of employment (Lj/L) in Chapter X, we shall here carry
out a similar substitution for the same reasons, namely:

Lj/L can constitute a valid substitute for n m every case where
there is close correlation between them. These cases are set
forth in detail in Part Two of this study, and in Chapter X of
Part Three.*
In cases where there is no significant link between Lj/L and
n**, the above analysis and the accompanying Table 111-6 have
emphasized the absence of meaningful results in the equations
with Lk/L and n as explanatory variables, a further reason for
substituting Lj/L for n.
A third purely statistical reason is that, since observational
errors for n are not the same as for Ljk/L and Lk/L, consid-
erable distortions may ensue in estimating the influence attri-
buted to economic "needs". If such a variable as Lj/L is
substituted for n this may help to eliminate any uncertainty on
this point.

3. EDUCATIONAL PROFILE OF THE DIFFERENT
OCCUPATIONAL CATEGORIES, OCCUPATIONAL AND
EDUCATIONAL STRUCTURE OF THE LABOUR FORCE

The chief reasons why we shall test here only the educational
profile of the different occupational categories (Ljk/Lj), leaving aside
the levels of education (Ljk/L), are as follows:

As we saw in Chapter XII, the available supply of qualified
manpower at all levels was, in certain cases, able to influence
the educational profile of the different occupational categories.***
To go one step further, the proportion of people with a given
level of education in a given occupational group can in fact be
-,xpected to depend on the total work-force in that group and on
the total number of people with this level of education available
in the labour force.

* Which in fact merely confirms the analysis in Part Two, made with a much larger

sample of countries.
** "Sales workers" and ''manual workers and craftsmen" categories, and possibly "technicians'',

*4* See the results of the equations in the form Ljk/Lj = f (Lk/L) in Table
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Secondly, apart from an undoubted risk of artificial correlations,
equations in the form Ljk/L = f (Lk/L, Lj/L) contain a notable
constraint arising out of the very definition of the variable3;
thus Ljk/L will always be lower than Lk/L and Lj/L, that .s to
say, lower than the smaller of the two; this may automatica;lly
introduce links between these three variables which have nothing
to do with links of statistical dependence. The ratio Ljk/Lj,
however, is less dependent on Lk/L and Lj/L: by definition,
it may be greater than, equal to or smaller than these two vari-
ables whether taken together or separately.
Lastly, there is no need to show Ljk/L equations as well as
Ljk/Lj equations. As pointed out, owing to the tautological re-
lationship Ljk/Lj = (Ljk/L). (L/Lj), the parameters of these
two equations are linked by simple mathematical relationships.*
The multiple correlation coefficients differ slightly: they are
generally higher for Ljk/L than for Ljk/Lj.

The results of the equations in the form,

log (Ljk/Lj) -= log a + b log (Lk/L) + c log (Lj/L)

are given in Table 111-7.

The correlations are fairly good (R > 0.70) in major groups 0, 2,
3 and 7/8, for scientific and technicrl manpower (00/01/02/0X) at uni-
versity-graduate level, and for technicians (0X) at "completed secondary
level or above". They are rather poor for major group 1. If these cor-
relations are compared with those in Table 111-5: Ljk/Lj = f (Lk/L),
there is found to be a considerable improvement in most cases.

Whereas elasticities for Lk/L are always positive, for Lj/L they
are negative in every case at three levels of education: university,
secondary, and more than eight years' schooling. Here again, the
available supply of graduates (Lk/L) affects the educational profile of
the occupational categories in a positive direction, while variations in
the occupational structure** tend to reduce Ljk/Lj, Lj being the deno-
minator.

If the elasticities are compared in absolute figures, the situation
is very different from that described previously with Lk/L and n as
explanatory variables. Although the elasticity for Lk/L is never lower
than that for Lj/L, the differences are much smaller, and in many cases
practically nil,

At the "eight years' schooling or less" level, the elasticities for
Lj/L are also positive. The Ljk/Lj ratio is here very sensitive to the
available supply of manpower at this level (high elasticity for Lk/L),
an influence further reinforced by increments of Lj/L, but only fcr
categories at the bottom of the occupational ladder***; it is thus

See footnote * on Jage 144. It will be remembered that these relationships operate so

long as (a) double-logarithmic equation is involved, (b) Lj/L is an explanatory variable. Whenever

there are two explanatory variaoles, the second is affected by the same elasticity in both equations.

The standard deviations are the same in both equations.
** Themselves linked 72, the development indicators in some but not all cases, as we have seen.

*** The elasticities for in major groups 0 and I are not significant.
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understandable that, in these categories, and these alone, rapid growth
of the work-force should be achieved by an intake of personnel with
little or no education.

The precision of elasticities is extremely variable, and generally
less for Lj/L than for Lk/L, so that they may sometimes be deprived
of all significance. Thus the educational profile of major group 0 is
statistically determined only at two levels of education k (university-
degree and completed secondary level or above). It should also be noted
that this imprecision sometimes coincides with relatively good correla-
tions.

We shall now say a word about the trend of Ljk/Lj for each occupa-
tional group, restricting ourselves to the most significant elasticities.

For major group 0 at university level, the "push" effect of the
educational system is almost nullified by the increased importance of
this group in the total labour force (Lj/L); the resultant is a slight
upward trend for Ljk/Lj (the difference in elasticities is only 0.16).
At "completed secondary level or above", on the other hand, the influ-
ence of Lk/L is twice as strong as that produced by the increase of
Lj/L. The resultant for Ljk/Lj is however very little higher than at
university level: the difference in elasticities is 0.19. Our conclusion
must be that the educational profile of this group is gradually improving
(through a decrease in the numbers with "eight years' schooling or
less"), but that the ratio between work forces at the various levels of
education remains constant.*

The educational profile of scientific and technical manpower can
be determined only at "university-degree" level. The available supply
at this level grows slightly faster than the total numbers in this cate-
gory, which means that Ljk/Lj should also rise slightly at this level.
This result, which does not altogether agree with those previously ob-
tained**, highlights, through introducing Lk/L, the "push" effect of
the educational system as regards science degrees.

The educational profile of "technicians" cannot be determined by
this method. The difficulties of defining this group, together with the
diversity of relevant levels or types of education***, indicate each
country' s own peculiarities in this field.

The results for major group 1 are significant at "university-degree
level" and "completed secondary level or above", and it may even be
claimed that the effect of the available supply of qualified manpower at
both levels is practically offset by the rapid increase in the total work
force in the group. In other words, Ljk/Lj will remain almost constant,
which corroborates our previous conclusions****, namely, that the
development of the education system at these levels, and the flow of
qualified manpower into this occupational group, will be offset by a rise

* Since 14k/14 rises at roughly the same rate. This would also hold good for the "more than

eight years schooling" level if precision of the elasticities were better. It may be noted in passing

that this conclusion was previously reached in discussing the equations of the Lik/I. = f (1,j/L) type;

sce Chapter XI and Table 111-4,
** Chapter XI and Table 111-4.

*** In some countries, technical education may be included with university education; in others,

it may not go beyong secondary level; in others again, there is no formal technical education, properly
speaking.
**** Chapter XI.
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mainly due to the mass of service workers running craft businesses
with only one or two employees.

The educational profile of major Foup 2 remains almost constant
at all three ". tiversity", usecondai"? and 7r-more than eight years'
schooling" le els; the respective influences of Lk/L and Lj/L in fact
cancel out each other. This contradicts our previous conclusions*,
which pointed to slight increases for Ljk/Lj at both university and se-
condary level. In other words, the explicit introduction of the "push"
effect exerted by the education system as an explanatory variable of the
educational profile causes the relative influence of Lj/L to diminish;
new entrants into the group would thus tend to be distributed among the
various levels of education as determined by the existing educational
profile.

In major group 3, Ljk/Lj mds to rise at roughly the same rate at
"university-degreenand "secondary" level (the difference between the
elasticities is 0.40 - 0.45), and twice as slowly at the "more than eight
years' schooling'? level (b - c = 0. 20). At all three level, the supply
from the educational system is thus of greater importance as an explan-
atory variable than Lj/L.** Hence the more the latter develops the
more the educational profile of this group will have a chance to improve.

The same remarks could be made as regards mapr group 7/8:
Ljk/Lj rises at "completed secondary level or aboN7j1 and liinore than
eight years' schooling ' levels, because of the very high elasticities for
Lk/L. The high sensitivity of the educational profile to the available
supply of qualified manpower occurs, as it normally should, in the
"lower" groups of the occupational hierarchy, in the sense that these
are the last to be served where the question of education is concerned.

4. EDUCATIONAL AND OCCUPATIONAL STRUCTURE
OF THE TOTAL LABOUR FORCE

After having related the educational profile of the different occu-
pational categories to the occupational and educational structure of the
total labour force, it is important to find out whether these two variables
a-e sufficiently independent of each other. If not, it will be useful to
determine the relationship between them. As we saw in a previous
section, their elasticities are roughly equal and of opposite sign; some
idea must therefore be gained of their relative rates of variation in
order to determine the trend of Ljk/Lj. Thus, only if these rates are
equal can equations of the form Ljk/Lj = f (Lk/L, Lj/L) be sufficient
in themselves to reveal the resulting changes in Ljk/Lj.

We chose to test the relationship:

log (Lk/L) = log a + b log (Lj/L)

Here the sequence is of little importance; the interest of the equation
lies entirely in showing the elasticity of Lk/L in relation to Lj/L, but

* Chapter XI.
** Which explains why the present conclusions are different from those in Chapter XI, where Lk/L

was not taken into consideration.
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the inverse elasticity would have suited our purpose just as well.
Whenever this elasticity is close to 1, the equations in section 3
will be self-sufficient; whenever the elasticity diverges from 1, the
difference will have to be taken into account for the interpretation of
the equations.

The parameters of this relationship are shown in Table 111-8.

At the three levels of education A, B and C, the elasticities are
substantially greater than 1 for major group 0, appreciably equal to 1
for major group 2, between 0.80 and 1.00 for major group 1, and under
0.80 for the other occupational categories.

Thus, for clerical workers, the conclusions in the previous section
- namely, equal influence of opposite sign for the available supply
of qualified manpower and the occupational structure - will hold good.

For categories OX and 3, the correlations are poor and the elastici-
ties lack significance; it can, therefore, be assumed that Lk/L and Lj/L
are relatively independent of each other. In groups 7/8 and, to a lesser
extent, group 1, the available supply of qualified manpower changes
more slowly than their proportion in the total labour force; this should
be borne in mind when measuring their influence on the educational
profile of the different occupational categories. Conversely, for "pro-
fessional workers", the predominant influence of Lk/L on Ljk/Lj may
be further strengthened by the fact that Lk/I, changes faster than Lj/L
(1.15 < b < 1.30).

5. MEAN LEVEL OF EDUCATION OF THE
DIFFERENT OCCUPATIONAL CATEGORIES

AND OF THE TOTAL LABOUR FORCE
AND OCCUPATIONAL STRUCTURE

The results obtained by linking the mean years of schooling for the
different occupational categories to those for the total labour force and
to the occupational structure of employment, i. e

log (ki) = log a + b log (kt) + c log (Lj/L)

confirm the previous conclusions, namely that:

the influence of the meanlevel of education of the total labour
force increases as one moves down the occupational ladder;

the influence of the occupational structure has the opposite
effect from kt, and is particularly marked for the manual, sales
and clerical worker categories.

The following equations illustrate these propositions:

log (k. ) = 0.61 + 1.03 log (k...) - 0.40 log (Lj/L)
3 (0.06) (0.12)

R = 0.98
j = all manual

worker cate-
gories, except
farmers
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log (k ) 0.52 -I 1.01 log (ki.) - 0.54 log (Lj/L) R = 0.98
(0. 05) (0 . 1 1 ) j = sales workers

log (k.) = 0.86 + 0.35 log (k ) - 0.18 log (Lj/L) R = 0.80
(0.08) t (o. oa) j = clerical

workers

For major groups 0 and 1, the elasticities for Lj/L do not significantly
depart from 0.

Lastly, the relationship between the explanatory variables was
tested by the following equation:

log (kt) = log a + b log (Lj/L)

For sales workers, there is almost perfect independence between these
two variables. The only elasticity higher than 1 is that for all manual
worker categories (except farmers), for which we find:

log (kt) = -1.29 + 1.25 log (Lj/L)
(0.35)

R = 0.64
N = 20

For clerical workers, on the other hand, the mean level of educa-
tion of the labour force seems to grow more slowly than Lj/L; we find:

log (kt) = 0.10 + 0.80 log (Lj/L)
(0.14)

R = 0.81
N = 20

This should be taken into account in determining variations of kJ.
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XIV

CONCLUSIONS

Our study of the occupational categories/levels of educatio:i matri-
es has thus developed in the following three directions.

i) First, we tried to find out whether there was any econometric
_ink between levels of education in the different occupational groups and
zhe level of economic development as shown by certain indicators; this
analysis cn be symbolized by the function:

Ljh../L = f (n) (1)

We noted that this link existed for certain j' s associated with certain
kt s: we called them preferential levels of education. The fact remains
that, in most cases, the economic indicators account for only a fraction
of the variance in Ljk/L. We were thus obliged to look for other explan-
atory variables.

As the analysis in Part Two seems to justify the conclusion that the
occupational structure (Lj/L) of the labour force can largely be "ex-
plained" by economic variables, it can legitit,ately be elaimed that the
structure, determined in a previous stage, might be regarded as a
known quantity for our analysis, one furthermore fairly representative
of the level of economic development. Replacing n by Lj/L in the
equation (1), we thus obtained and tested the function:

Ljk/L = f (Lj/L) (2)

This equation, which gave us a fairly clear idea of the trend of Ljk/Lj,
is however subject to some important exceptions, in particular for the
occupational groups where the relationship Lj/L = f (n) has not been
verified.

ii) In Chapter XII, we deliberately left out the economic indicators
and tried to ascertain the impact of the educational system' s earlier
development on the level of education in the different occupational cate-
gories. The result of this earlier developinent of the educational sys-
tem is found hi the educational structure of the total labour force. There
is thus every chance that, in each country, the educational profile of the
different occupational groupk will reflect the relative abundance of the
supply of qualified manpowe0 4611. levels in the population. If it is ad-
mitted that the rates of activittofsuch manpower in all countries
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increasingly coincide the higher we move up the educational ladder,
the function:

Ljk/L = f (Lk/L) (3)

ca.-2.1-)e said to reflect much of the educational system' s earlier develop-
ment and the "distortions" it has caused in the educational profile of
certain occupational categories. Accordingly, we also called these
equations "distribution equations, us they suggest the existence of a
model for the distribution of graduates among the different categories,
thj s for the occupational choicct of graduates, which is common to
all countries.

The correlation.: which are in many cases excellent, confirm the
value of the educational stricture of the labcrir force as an explanatory
variable for the leve_s of 'education of the different occupational cate-
gories.

iii) In a thi:d stage, we compared the analyses described in para-
graphs i) and ii): here, then, the level of education should depend both
on the level of economic development and the educational structure of

the (active) population.

We, therefore, tested the equation:

Ljk/L f (Lk/L, n) (4)

Next n was replaced by Lj/L, for the same reasons as in Chapter XI,
this gave the equation:

Ljk/Lj = f (Lk/L, Lj/L) (5)

where the educational profile of the different occupational categories
depends on both the educational and the occupational structure of the
total labour force.

Having regard to the results of equations (4) and (5), one is strongly
inclined to conclude that the educational supply effects rather than the
"needs" of the economy are the sharply dominating influence in the de-
termination of levels of education (or educational profiles) for the dif-
ferent occupational categories. The reasons for this differ according
to the equations considered, leaving all special cases out of account:

in equation (4), the elasticity for Lk/L is never less than that
for Lj/L; it is also invariably more precise;
in equation (5), the influence of the economic variables is
always negative; we said that it acted as some sort of "brake"
on the "push" effect from the educational system. This is be-
cause Lj is the denominator in the Ljk/Lj ratio, which points
again to the difficulties of interpreting variations in this ratio.

As we know, however, interdependence between Lk/L and n or
Lj/L is far from being achieved in either type of equation, so that part
of the influence of the "needs" of the economy. (n or Lj/L) is, in fact,
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c pntained in -the educational structure of the labour force (Lk/L), and/or
Lce versa,

In other words, we come back to the f idamental --)roblem of circu-
larity, which may be summarized as folio- s:

past and present flows of graduate leaving the educatio.c..al sys-
tem to enter the labour market detrmines Lk/L (arrow
the available supply of graduates a all levels in the labour force
strongly influences the determinat ,n of Ljk/L (arrow 2);

but Ljk/L also depends, although a lesser extent, on the lev,_
of economic development (arrow 2 .

we have clearly explained on two parate occasions the lattE_
influence on the educational struc- re of the labour force (ar-
ro- 4).

Educational
system

Lk/L
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Part Four

ANALYSIS OF RELATIONSHIPS BETWEEN LEVELS
OF EDUCATION IN CERTAIN ECONOMIC SECTORS,

GENERAL ECONOMIC INDICATORS AND THE
EDUCATIONAL STRUCTURE OF THE LABOUR FORCE

Having analysed the occupational structure of the labour force for
the economy as a whole and by sectors of economic activity (Part Two),
then the educational levels in the different occupational categories
(Part Three), we shall now try to "explain" the educational structure
of the labour force in the different economic sectors through the use of
suitably chosen variables.

This time we shall omit any disaggregation by occupational cate-
gories*, and concentrate on economic sectors/levels of education ma-
trices, which may be symbolized as follows:

Country X

LEVEL OF EDUCATION

ECONOMIC SECTORS

A B... k ... TOTAL

1

2
.
.

.
i
.

.

Total

LlA

.

LiA

.
.

LA

L1B"

LIB...

LB'

L lk' ' '

.

Lik.

.
.

Lk

L.
1

.

.

.
Li

.
.
.

This is, therefore, a more detailed attempt to link the educational
structure of the labour force directly to economic variables without
passing through the occupational structure.

Our investigation will be limited to four out of the eight main eco-
nomic sectors, namely, manufacturing, commerce, transport and
services. The agriculture and construction sectors have been excluded,

* See Part Three. 16



since in mos- ;:ountries the relevant maapower is largely under-edu-
cated compared with the other sectors; at high levels of education,
the Lik/Li and, a fortiori, the Lik/i., ..rcentages are very low and
therefore of little significance. In the mining and electricity sectors,
the main body of manpower employe-1 (a) is very small in proportion
to the total labour force, and I' Ya2ies widely depending on available
natural resources, above all in n_.L.rinc_

As regards the measurement -7 The educational inputs, the same
cumulative le'els have been adopte s in the previous part, i. e uni-
versity degree level or above (A) :_mpleted secondary level or above
(B), more than eight years' sch (C), eight years' schooling or
less (D). The "mean years of schoolLng" by sectors have not been cal-
culated for lack of data.

All the preparatory statistical work is explained at length in Annex
A; numerical values of observations will be found in Annex H.

The statistical approach will again consist in simple and multiple
regression analysis as well as the stepwise system.

The analysis may be divided into three main stages:

1. In a first stage, an attempt will be made to test the link be-
tween the level of education of the labour force in each sector and
economic indicators specific to that sector. The purpose will thus be
to provide an answer to the following basic assumption: is there a
correlation between the level of education in a given sector and the
level of development in that sector ? And if so, how far does the level
of education improve as development proceeds ? The "level of develop-
ment" will successively be represented by technological and economic
variables, and by the sectoral structure of employment, which is itself,
as we shall see, largely a function of economic variables.

2. In a second stage, levels of education in the different economic
sectors will be correlated with the educational structure of the labour
force as a whole. It can legitimately be assumed that these levels are
at least partly determined by the available supply of qualified manpower
at all levels in the labour force.

3. The third stage will combine the analyses referred to in 1 and
2; the level of education in the different economic sectors will then
depend both on the technological variables and the educational structure
of the labour force. Here we shall try to determine which of these two
types of variables best "explains" the level of education in the different
lectors.
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XV

LEVELS OF EL- -!.TION IN THE DIFFERENT
ECONOMIC SECTOEL TECHNOLOGICAL INDICATORS

AND SECTORAL =MIXTURE OF EMPLOYMENT

1. INTRODUCTr AND BASIC ASSUMPTIONS

i) Levels of education in the different economic sectors and
technological indicators

In Part Three, Chapter X, an attempt was made to bring out the
statistical link between the educational structure of the total labour
force and certain general ecommic indicators. Our aim now will be to

carry the analysis down to the Level of a few main economic sectors.
More sharply defined statisti. relationships may be expected as the
homogeneity of the sectors cc:asidered increases.

The levels of educationin the different economic sectors will be
measured by using two diffErent ratios, following a procedure similar
to that applied in Part Thr. for occupational categories. We shall
consider in turn:

Lik/Li, which is me proportion of people in an economic
sector i with a ler. of education k;

Lik/L, which is the number of people in a sector i with a level
of education k related to the total labour force.

The explanatory variables used to measure the level of development
in a given sector as satisfactorily as posp.ible are obviously specific to
each sector. For the reasons already expounded with reference to the
overall economy*, the sectoral labour productivity, measured by value
added divided by employment in the sector concerned, has been adopted
for manufacturing, commerce and transport. GDP per capita was
adopted for services, si- value added in this sector is practically
equivalent to the aggrega es distributed.

Furthermore, whenevt_r ssible, non-monetary variables were
adopted to mitigate certain s _ Ivn drawbacks in international comparisons
of productivity. For servic.:.e, Niewiaroski' s "social" indicator** was
adopted (Is); for transport, the number of commercial vehicles per unit

* See Part Two, Chapter IV,
** See the details of the bi:C1:7: this indicate: in Part Two, page 48,
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of the labour force; and for manufacturing, Niewiaroskit s "economic"
indicator and the total consumption of energy per head, in turn.

The levels of education by sectors were correlated with (a) each
of the economic variables in succession, using simple regression equa-
tions, (b) the same variables taken in pairs, using multiple regression
equations. The equations are:

log (Lik/L) = log a + b log (Xi/Li)

log (Lik/L) = log a + b log n, n being a non-monetary variable

log (Lik/L) = log a + b log (Xi/Li) + c log n.

The same equations were tested with Lik/Li as a dependent vari-
able. Here again the double-logarithmic form was chosen, mainly for
convenience of use, ,3ince, by definition, the regression coefficients of
these equations are constant and equivalebt to the coefficients of elas-
ticity. The many graphs plotted and tests with other types of equations
did not seriously challenge this choice.

ii) Levels of education in the different economic sectors and sectoral
structure of employment

Commonsense suggests the likelihood of a relationship between the
number of people in a given sector with a given level of education and
total employment in the sector. Furthermore, certain studies emphasize
the links between sectoral employment and certain sectoral variables of
the same type as those referred to in the previous paragraph, while
fairly close statistical relationships between production and productivity
have already been brought out in certain countries, thus poirting to sim-
ilar relationships with employment, since this is obtained by dividing
one by the other.*

The sectoral structure of employment can, therefore, be regarded
as another approximation of the level of development attained in each
sector**, which suggests linking the level of education in each sector
with the numbers employed as a proportion of total employment, using
the relationship:

%,

log (Lik/L) = log a + b log (Li/L)

Multiple and step-wise regression equations were also tested for Li/L
and sectoral productivity on the one hand, giving:

* Studies dealing with "productivity" in one way or another have proliferated during the last

few years. The most exhaustive is certainly John Kendrick's, Productivity Trends in the United States,

NBER, New York, 1961. Among others outside the United States may be mentioned: The British

Economy in 1975, by W. Beckerman and Associates, NIESR, Cambridge University Press, 1965 ; "Evo-

lution de la productivité en France depuis 1941 et previsions pour 1970, in Notes et Etudes documentai-

res No, 3375, la Docurnentatioa Francaise ; "Complementarity and Long-Range Projections", by J.P.

Verdoorn in Econometrica, October 1956.
** This proposition will obvioasly not hold good to the same extent for all sectors, and fa agri-

culture, in particular, the correlation will be inverted.
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log (Lik/L) = log a + b log (Li/L) + 1 log (Xi/Li)

and, on the other hand, for Li/L and any one of the economic indicators,
using the step-wise system.

2. ANALYSIS OF RESULTS

i) Levels of education in the different economic sectors and
technological indicators

Having regard to the results already obtained by Layard and Saigal
in this field, rather mediocre correlations might be expected between
Lik/Li and the technological indicators. The only direct comparisons
possible between our correlations and those of Layard are set forth in
the following table:

CORRELATION

COEFFICIENT R

MANUFA C. COMMERCE TRANSPORT SERVICE

LSE OECD LSE OECD LSE OECD LSE OECD

University level or
above

Completed secondary
or above

-

0.51

0. 56

0.61

-

0.44

0.20

0.45

-

0.10

0.20

0.36

-

0.79

0.40

0.56

SOURCES: Layard and Saigal, op, cit., p, 262. Table 3,
OECD, Table IV -1, .

Allowing fof the number of observations (18 at university level and
13 at secondary level), these results are rather poor. The high degree
of correlation between the proportion of people with completed second-
ary level and the level of productivity in the services sector should,
however, be noted.

The entire set of simple regression equations between Lik/Li and
the technological variables is shown in Table IV-1. The only significant
fits are found at the "more than eight years' schooling or less" levels.
The lack of any significant fit in the transport sector will be noted. As
regards the explanatory variables, in the last resort it is sectoral pro-
ductivity which gives the best results, except for services, where the
best fits are obtained for the "social" index (Is).

The following example may possibly explain these poor correlations:
in manufacturing, productivity in Israel is three times as high as in the
Philippines, while the proportion of manpower with completed secondary
level education in this sector (Lik/Li) is roughly the same in both coun-
tries - between 5 and 5. 5%. At the same time, Lik/Li = Lik/L : Li/L;
and the last two percentages are twice as high in Israel as in the
Philippines. This shows how "normal" relative positions of two coun-
tries for the sectoral structure of employment (Li/L), as for Lik/L, may
coexist with "aberrant" positions for Lik/Li.
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Before leaving Table IV-1, a point to note is the dispersion of the
coefficients of elasticity between 0.80 and 1 for commerce and manu-
faci,uring*, and less than 0. 50 for transport and services.

We now turn our attention to the equations linking the levels of edu-
cation in the different economic sectors, as measured by Lik/L, and
the technological indicators. We might expect a priori to find fairly
good correlations with productivity for such sectors as manufacturing,
transport and commerce; for services, on the other hand, the "social"
indicator probably yields the best fits in view of the method oZ calcu-
lation.

As regards the educational structure, the numbers with a high level
of education will probably increase less rapidly than the total less highly
educated work force in such more "manual" sectors as manufacturing
or t 'ansport. The converse will be true for the services sector, which
tends to absorb a growing number of highly qualified "white collar"
workers.

Table IV-2 gives an exhaustive representation of the regression
equatiwis Lik/L = f (n). The equations Lk/L = (n), already shown in
Part Three**, have been added. A study of this table shows tha'c, to
start with, the sectors are divided into two categories; the first includes
manufacturing and services, for which good fits are obtained compara-
ble to those found for the economy as a whole; on the other side, we
have commerce and transport, for which the results are decidedly poor.

It will further be noted that in all sectors the correlation coefficirints
increase as the level of education considered becomes broader, Tir..2

higher the level of education considered the more caution is needed in
the use of these equations, while the precision of coefficients of elasticity
is reduced. However, there is no significant correlation at the "eight
years' schooling or less" level, except for the economy as a whole. A
conclusion similar to that arrived at for the occupational categories
must thus be drawn: the higher the level of productivity the lower the
percentage of under-educated in the economy as a whole; but the distri-
bution of this under-educated population among the different sectors
seems to be specific to each country.

As regards manufacturing, the coefficients of elastici'-y point to-
wards a tendency to a redistribution of manpower as classified by levels
of education in favour of completed secondary level, whatever explana-
tory variable is considered.

In the services sector, contrary to our expectations, the proportion
-manpower with "university level" education will rise less rapidly than

the proportion with "completed secondary level or above" and "more
than eight years' schooling'', which both rise at the same rate as the
development of this sector proceeds.

For the economy as a whole, the elasticities are roughly the same
for the three levels of education considered. This means that the dif-
ferent Lk/L' s increase at the same rate, or that, for example, the
relationship between the numbers with a university degree and those
with completed secondary education remains constant. As a result, in

* For sectoral productivity and the social indicator only.
** Table 111-2.
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in sectors other than manufacturing and services, the proportion of
manpower with university level education should grow faster than the
proportion with completed secondary education, so as to restore the
balance. The poor results obtained for commerce and transport do not,
however, enable us to say if this is the case in these two sectors.

From any standpoint, the fact remains that the correlations in
Table IV-2 fall short of what might justifiably have been expected in
view of the better homogeneity obtained in sectoral analysis. It may,
therefore, be interesting to make a more detailed study of a few spe-
cific cases, using graphs. We chose Is an example the manufacturing
sector at the university degree level which is linked to productivity in
this sector by the equation:

log (Lik/L) = -4. 24 + 1. 08 log (Xi/Li)
(0. 31)

R = 0. 66
N = 18

The 18 observations were recorded in Grapb IV-1; The distance at
which some of them lie from the line of correlation calls for some
explanation.*

- The Philippines and Japan continue to be "over-educated" by
comparison with the common model. As already pointed out, the cause
lies mainly in the wide develop-nent o:c higher studies of relatively short
duration (four years at college) on !ILQ American model. We also know
that, at least as far as Japan is r.r.,,-Lcerned, the use of exchange rates
for the comparison of productivities results in the latter being gx eatly
underestimated.

- The Netherlands, on the other hand, is much below the line,
although its productivity is identical with that of Belgium, for example.
Here agair: the explanation lies in the must longer average duration of
university etuly in the Netherlands.**

- In the case of Panama, productivity in manufacturing (2, 500
dollars per head) is manifestly over-estimated.

- The case of Syria is very different. The value found for Xi/Li
is the same as for Egypt, and therefore reasonable. On the other hand,
the low numbers holding university degrees are certainly due to the fact
that, until quite recently, Syria possessed no university of its own, its
highly qualified manpower being generally trained at the University of
Cairo.

- The over-estimation of industrial productivity in Zambia is due
to the inclusion of the mining sector, which is relatively large and well
equipped.***

* The arrows appearing in the graph by no means constitute value judgments; they simply indi-

cate which of the two variables involved is the more responsible for the remote position of any given country.

** It will be remembered that we did not feel Justified in equating post-secondary educational

qualifications with university degrees; see Annex A.
*** See Manpower Report: a Report and Statistical Handbook on Manpower, Education, Training

and Zambianization 1965-66, Republic of Zambia,Lusaka, 1966,

178 189



0.50

0.10

0,05

0.01

Graph IV-1

MANUFACTURING: PERSONNEL WITH 'UNIVERSITY DEGREE' AS A PROPORTION OF TOTAL EMPLOYMENT (Lik/L),

AND SECTOR OUTPUT PER WORKER (Xi/11)

1.114/L

r
IL

-
log (Lill/ 1.) ,

-

0 -= 0.66

- 1.24 -I- 1.08 log (Xi/ Li)
(0.31) PI

U .

RA

YU

II

PL.

9

. 3

NL

-
I.

ET PA

I.

. PAN

I I I I . I I

SYR

I I

0

I I 1

500 1000

".

190

171

5000 10 000



If, then, it is essential to keep in mind all these statistical approxi-
mations in order to form a judgment on the correlations proposed, it
may be interesting to examine a similar diagram for the level of educa-
tion immediately below, in order to bring out any instances of disequi-
librium or substitution between the educational stock of different levels
see Graph IV-2, linking Lik/L with sectoral productivity, i repres-mt-
ing the manufacturing sector, and k, completed secondary level or above.

It -.1.11 be noted that here again Japan emerges as more highly edu-
cated than the average, but this is no longer the case for the Philippines.
Panama and Zambia, which can be regarded as under-educated at univer-
sity level, will also be so at completed secondary level. The manufac-
turing sector in Egypt, which is "normally" educated at university level,
appears, c.c1 the contrary, distinctly under-educated at completed second-
ary level. While some "drain'' of manpower with s(?condary qualifica-
tions might have occurred, especially to the servic ..!s sector, Graph
IV-3 makes it clear that this is not the case.

There may be still other reasons for these poor fits, as seems to
be indicated by the Graph IV-3 showing the correlation between Lik/L
(1 being the services sector and k completed secondary level or above),
and production per capita. This graph brings out considerable differ-
ences in Lik/L for a given level of productivity: with the Philippines
and Egypt at 150 dollars per capita level, Japan and Panama at 350
dollars, and Israel and Poland at 900 to 1, 100 dollars. In addition, how-
ever, approximately the line of estimation 1 may be plotted. Four
countries, in particular, lie distinctly above it - the Philippines, Japan,
Israel and the United States whose educational systems have much the
same structure, namely, eight years of elementary school followed by
four years of high school. If these four countries are roughly fitted to
line 2, we obtained a zone of correlation which any other country should
be able to fit into.*

Lastly, we tested the levels of education in the different economic
ectors - defined by Lik/Li and Lik/L - for the two chief technological

indicators simultaneously by using the multiple regression equation:

log (Lik/L) = log a + b log (Xi/Li) + c log n

Xi/Li being replaced by X/P for the services sector.

The results, as shown in Table IV-3, are not usable. While they
are sometimes better than those obtained with a simple explanatory
variable, collinearity between the explanatory variables themselves
causes extremely high standard deviations attached to the coefficients
of elasticity.

ii) Levels of education in the different economic sectors and sectoral
structure of employment

Here good and somewhat spurious fits might normally be expected,
as Lik/L is contained in Li/L. In this case, the best correlations should

* The number of o'servations is here undoubtedly too small to obtain a perfect scientific exam-

ple. Yet it illlustrates fairli clearly the value of a graphic analysi& of the scatter chart, and allows the

calculation itself to be satisfactorily completed by inference.
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also be found in the most clearly defined sectors as to numbers
employed, i. e. manufacturing and transport. As furthermore, the
explanatory variable represents the size of the sector concerned, cor-
relations should be best for the most comprehensive level of education,
i. e. "more than eight years' schooling".

Elasticity coefficients of equations Lik/L = f (Li/L) should be com-
pared between levels of education within each sector (that is "horizon-
tally" in Table IV-4), thus providing information on the changes of the
various Lik/Li' s for each sector, when the weight of this sector in
total employment changes: an elasticity equal, superior or inferior to
one means that Lik/Li remains constant, increases or decreases.

This being granted, the results of the equations linking the levels
of education in the different economic sectors and the sectoral structure
of employment are shown in Table IV-4.

In this case, fairly good correlations are obtained for manufac-
turing and commerce, but they remain poor for transport, except at the
llmore than eight years' schooling" level. In services, the latter level
of educator is also the only one to show good correlation with the sec-
toral structure of employment, which is more surprising. The likely
expansion is that, in many developing countries, employment in the ter-
tiary sector tends to expand faster than the educational system* or even
the economy as a whole.

Another fact which may cause surprise is that the correlations at
"eight years' schooling or less" level should be so positive. The only
possible interpretation is as follows.

If, as we have seen, the levels of education in the different sectors
improve as employment rises, growth of employment will still leave
plenty of room for an increase in the number ol relatively uneducated
manpower which will, however, be less rapid in all sectors than the in-
creases at other levels of education; the coefficients of elasticity, which
are less than 1, are all between 0. 70 and 0.80.

The results obtained here from a study of the coefficients of elas-
ticity by sectors differ appreciably from those found in the previous
paragraph for Xi/Li. In manufacturing, for instance, elasticities at
the first three levels of education are roughly- .ual to 1. 5. This means,
it will be remembered, that (a) the general _1 of education in the
sector is rising faster than employment in that sector, and (b) that the
relative weights of each level of education within this sector remain the
same (the various Lik/LP s increasing at the same rate). From this
aspect, the manufacturing sector behaves in the same way as the econ-
omy as a iAhole in re:lation with the technological indicators.**

In commerce, on the other hand, there will be a slight redistribu-
tion in favour of numbers with a university degree, and a relative drop

* At least at higher level. Another explanation might be that services attract only a small

proportion of the total number of qualified workers; but all the available data about their distribution

by sectors tend to prove the opposite.
** See the elasticities in the equation Lk/L = f (n) in Table IV-2: for the first three levels of

education, they are roughly equal to 0.75-0.80. If therefore the rate of change is the same for the first

three percentages Lk/L's, the ratios of one Lk/L over the other are bound to remain constant.
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at "eight years' schooling or less" level; the elasticity for the first is
twice for the second.

In transport, however, redistribution tends to favour the "completed
secondary" and "more t Ian eight years' schooling" levels, with an elas-
ticity of close on 1.20; while numbers at the "extreme" levels* will
rise at practically the same rate with an elasticity of 0.8 and 0.9.

In services only numbers at the "more than eight years' schooling"
and "eight years' schooling or less" levels exhibit any specific trend:
as employment in the tertiary sector rises, redistribution will favour
the former. Our results are not, however, sufficiently precise to enable
the pattern of internal redistribution for those with "more than eight
years' schooling" to be determined.

iii) Levels of education in the different economic sectors, sectoral
structure of employme:it and technological indicators

a) As a first stage, we tried to test levels of education in the dif-
ferent economic sectors both for the sectoral structure of employment
and labour productivity. The latter remains the most convenient indi-
cator of the level of technology attained in any one sector, while the for-
mer indicates the volume of employment in that sector, hence, as it
were, its capacity to attract manpower of a given level of qualification.
Bearing the complementarity of these two types of explanatory variables
in mind, a test was therefore made for:

Lik/L = f (Xi/Li, Li/L).
The results are shown in Table IV-5.

The first obvious conclusion is that, as a whole, these correlations
are distinctly better than when Xi/L! or Li/L are considered separately.
The results are particularly good for manufacturing, commerce and
services, but remain poor for transport at university and completed
secondary levels. If levels of education are considered, the best corre-
lations(R> 0.90) are obtained for "more than eight yearb' schooling and
"eight years' schooling or less".

The standard deviations for the coefficients of elasticity are still,
however, so great as to render these coefficients unusable, especially
at "univrsity degree level" and "completed secondary level or above'',
but with the exception of the manufacturing sector. Confirming what
has already been said about the quality of the fits, the coefficients of
elasticity are moic precise for the other two levels of education. Gener-
ally speaking, the elasticities are higher in relation to Li/L than in re-
lation to Xi/Li; in the second case, they are, in fact, negative at the
"eight years' schooling or less" level, which means that, as produc-
tivity rises, the proportion in the sector with this level of education
diminishes, while the relati-ve weight of this sector in total employment
rac,ains c nstant.

b) To remelt this lack of precision in the coefficients of elasticity,
the stepwise system was used, prescribing as the explanatory variable
the secto.cal structure of employment (Li/L), leaving the computer free
to choose thc iechnological indicator: Xi/Li or the non-monetary indi-
cator.

University degree and "eight years' schooling or less",

196

183



T
ab

le
 1

V
-5

.
M

U
L

T
IP

L
E

 E
Q

U
A

T
IO

N
S 

L
IN

K
IN

G
 T

H
E

 L
E

V
E

L
S 

O
F 

E
D

U
C

A
T

IO
N

 lE
N

"
SO

M
E

 E
C

O
N

O
M

IC
 S

E
C

T
O

R
S 

(L
ik

/L
)

T
O

SE
C

T
O

R
 O

U
T

PU
T

 P
E

R
 W

O
R

K
E

R
, A

N
D

T
H

E
 S

E
C

T
O

R
A

L
 S

T
R

U
C

T
U

R
E

 O
F 

E
M

PL
O

Y
M

E
N

T

,
lo

g 
(L

ik
/L

) 
=

 lo
g 

a 
+

 b
 lo

g 
(X

i/L
i)

 +
 c

 lo
g 

(1
4E

)

D
E

G
R

E
E

 L
E

V
E

L
 A

N
D

 A
B

O
V

E

(A
)

C
O

M
PL

E
T

E
D

R

SE
C

O
N

D
A

R
Y

 S
C

H
O

O
L

IN
G

A
N

D
 A

B
O

V
E

(B
)

M
O

R
E

 T
H

A
N

 E
IG

H
T

 Y
E

A
R

S
O

F 
SC

H
O

O
L

IN
G

(C
)

E
IG

H
T

 Y
E

A
R

S 
O

F 
SC

H
O

O
L

IN
G

A
N

D
 L

E
SS

(D
)

lo
g 

a
b(

cr
b)

c(
 a

 c
)

lo
g 

a
b(

 a
 b

)
c(

cr
 c

)
R

lo
g 

a
b(

 a
 b

)
c(

ac
)

R
lo

g 
a

Is
( 

a 
b)

c(
ac

)

E
C

O
N

O
M

IC
SE

C
T

O
R

S
1

2
3

4
5

6
8

9
10

ii
12

13
14

15
16

M
an

uf
ac

tu
ri

ng
0.

83
-3

.9
6

0.
54

(0
.2

8)
1.

21
(0

.3
5)

0.
82

-4
.0

4
0 

84
(0

.4
0)

1.
1'

3(
0.

40
)

0.
93

-3
,3

4
0.

78
(0

,2
2)

1.
09

(0
.3

0)
0.

95
0.

77
-0

.2
6(

0.
09

)
0.

92
(0

.1
2)

C
om

m
er

ce
0.

81
-2

.6
4

0.
11

(0
.2

7)
1.

54
(0

.3
2)

0.
78

-3
.2

8
0.

59
(0

.4
1)

1.
39

(0
.4

4)
0.

92
-3

.4
7

0,
83

(0
.2

4)
1.

00
(0

.2
6)

0.
93

1.
50

-0
.4

8(
0.

12
1

0.
82

(0
.1

3)

T
ra

ns
po

rt
0.

54
-1

.2
5

-0
.2

5(
0.

34
)

1.
04

(0
.4

2)
0,

61
-2

.5
5

0.
44

(0
.3

8)
1.

10
(0

.5
6)

0.
81

-2
.1

9
0.

46
(0

.2
7)

1.
02

(0
.3

9)
0.

90
0.

81
-0

,2
8(

0.
12

)
0.

91
(0

.1
7)

Se
rv

ic
es

0.
73

-1
.4

4
0.

38
(0

.1
5)

0.
43

(0
.3

3)
0.

80
-1

.3
5

0.
55

(0
.1

8)
0.

36
(0

.3
1)

0.
93

-1
.1

1
0.

46
(0

.1
8)

0.
56

(0
.3

5)
0.

92
03

3
-0

.4
2(

0.
12

)
1.

40
(0

.2
4)

N
O

T
E

,
Fo

r 
th

e 
Se

rv
ic

es
 S

ec
to

r.
 th

e 
ou

tp
ut

 p
er

 w
or

ke
r 

(X
i/L

i)
 in

 [
N

s 
se

ct
or

 h
as

 b
ee

n 
re

pl
ac

ed
 b

yG
D

P 
pe

r 
ca

pi
ta

 (
X

/P
).



The results obtained do not affect the conclusions in the previous
paragraph; in certain cases, however, a non-monetary indicator may
be substituted for productivity. Thus, for manufacturing, we obtain:

log (Lik/L) = -2.08+ 0.52 log (Energy) + 0.91 log (Li/L)
(0.18) (0.38)

log (Lik/L) = 0.38 - 0.19 log (Energy) + 1.00 log (Li/L)
(0.07) (0.13)

R. 0.91
k =more than

eight years'
schooling

R = 0.95
kt= eight years'

schooling
or less

Whatever technological indicator is used, it is mainly the size of
the sector which seems to determine the educational structure of em-
ployment. Furthermore, the countries in our sample do not seem to
follow any common pattern at the "university degree" or "completed
secondary education or above" levels. The inclusion of two explanatory
variables (technological indicator and size of sector) does not, therefore,
seem justified at these levels.
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XVI

LEVELS OF EDUCATTON IN THE DIFFERENT
ECONOMIC SECTORS AND EDUCATIONAL STRUCTURE

OF THE LABOUR FORCE

I. INTRODUCTION AND BASIC ASSUMPTIONS

Having examined how and to what extent the technological indi-
cators or the sectoral structure of employment can influence levels of
education in the different economic sectors, let us now consider how
far those levels are determined by the available supply of qualified man-
power at all levels in the labour force. As pointed out in Part Three,
we do not know the number of qualified workers actually available among
the population of working age; we only know the educational structure of
the labour force, i. e. , the numbers of qualified workers remaining after
indirect "screening through the rates of activity. We have already
dealt at length with the possibilities andlimitations of such an approxi-
mation* and shall not return to the matter here.

This being stated, the purpose of our analysis is not so much
to show how far the levels of education in the different sectors are
"explained" by the available supply of qualified manpower at differ-
ent levels** than to gain some idea as to how qualified workers are
distributed among the different sectors of the economy.

As a more practical approach, the levels of education in the differ-
ent economic sectors will be tested for the educational structure of the
total labour force (T_A/L), using the following simple regression equa-
tion:

log (Lik/L) = log a + b log (Lk/L)

This equation will also be tested for Lik/Li as a dependent variable.

On the basis of the results of the analysis of educational levels in
the different occupational categories, one very similar to the present
analysis; good and somewhat spurious fits may be looked for between
Lik/L and Lk/L. It may further be assumed that certain sectors such
as manufacturing and commer:::e will tend to absorb more than their fair
share of qualified manpower.*** The services sector may find instead

,
* See Part Three, Chapter XII...,

** Spurious ccerelations would make 'the operation hazardous,
*** In statistical terms, those sectors will have an elasticity higher than 1,
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that its stock of qualified manpower rises less rapidly, as even in
countries where the aggregate number of qualified workers is relatively
small this sector already tends to absorb a large proportion.

2. ANALYSIS OF RESULTS

Table IV-6 contains all the simple regression equations linking
the levels of education in the different economic sectors and the educa-
tional structure of the total labour force.

As expected, correlations on the whole, are excellent both for
Lik/L and for Lik/Li, with a slight advantage in favour of the first of
these two variables. Taking the sectors separately, only transport
shows a few coefficients under 0.80 with Lik/Li as the dependent vari-
able. Taking toe different levels of education, there is no significant
link between Lik/L and Lk/L, where k represents "eight years' school-
ing or less".

When comparing elasticity coefficients of equations Lik/L = f (Lk/L)
in Table IV-6 "vertically", one gets an insight into the distribution of
workers having a given educational level through sectors: thus manu-
facturing tends to absorb larger numbers than the other sectors, with
elasticities approaching 1.5 at universit\- evel and completed second-
ary level. The same applies to commei-e, where the elasticities
reach 1.2 for these same levels, and transport, with 1.1 and 1.15 re-
spectively. To offset all these coefficients higher than 1, the relative
increase in the number of qualified workers in other sectors must be
less than proportional to the increase in the total numbers of quallfied
workers. This applies in particular to the services sector, where all
elasticities lie between 0.8 and 0.9. It is thus worth noting that the
improvement in the educational structure of employment accompanying
economic development coincides, on the one hand, with the familiar .

process of employment growth in tertiary activities and, on the other
hand, with a redistribution of qualified manpower in favour of the se-
condary sectors.* In this connection, the fact often noted in certain
developing countries that the majority of qualified workers are in ser-
vices reliably points to a malutilization of qualified manpower, a con-
dition which should jradually be remedied as development proceeds.
Thr.i considerations hold true for the three levels: "university degree",
ft comxleted secondary" and "more than eight years' schooling", what-
ever dependent'variable is taken.

Turning now to equations Lik/Li = f (Lk/L), we will observe for
instance that the proportion of manpower with eight years' schooling
or less (Lik/Li) in services declines at the same rate as the proportion
in the total active population, with an elasticity equal to I. The pro-
portion declines faster for commerce, thus tending to correct this sec-
tor' s adverse initial position, due, as we know, to the inclusion of a
varying proportion of the totally or relatively uneducated, especially
in street peddling. The converse applies for the manufacturing sec-
tor and for transport.

* More particularly, the manufacturing sector and, to a lesser degree, commerce and transport.
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In conclusion, it seems undeniable that the level of education in
the different economic sectors, however express-!d, largely depends
on the available supply of qualified manpower at all levels, i. e., on
the past and present development of the educational system. This evi-
dence re-enforces therefore the conclusion reached at the end of Chap-
ter XII (Part Three) with regard to the existence and importance of
educational supply effects.
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LEVELS OF EDUCATION IN TILE DIFFERENT
ECONO1VHC SECTORS, TECHNOLOGICAL INDICATORS, SECTORAL

AND EDUCATIONAL STRUCTURE OF THE LABOUR FORCE

1. OBJECT OF THE ANALYSIS

We must now link the analysis carried out in Chapters XV and XVI
to situate our investigations in a context more closely approaching real-
ity, where the influence of the different variables combines to modify
the levels of education in the different economic sectors. In our opinion,
these levels should depend both on the level of technology reached and
on the available supply of qualified manpower at different levels. As
we see it, it is these two types of influence c nbined which should
mainly determine levels of education by sectors.

The levels will therefore be tested in turn;

a) for the teclmological indicators and the educational structure
of the labour force, simultaneously;

b) for the sectoral and educational structure of the labour force.

The multiple regression equation used will be in double-logarithmic
form; this gives in turn, for (a):

log (Lik/L) = log a + b log (Lk/L) + c log n

log (Lik/Li) = log a + b log (Lk/L) + c log n

and for (b):

log (Lik/Li) = log a + b log (Lk/L) + c log (Li/L).

We have already explained why this dependent variable was prefer-
able to Lik/L, and why in any event it is needless to employ the two
dependent variables in turn whenever Li/L is included among the ex-
planatory variables.*

These different equations; si-ic, ild, in theory, enable us ra.) to im-
prove the correlations obtained çith each explanatory variable separately,

* See Part Three, page 169,
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and (b) to determine what type of variable best "explains" the levels
of education in the different economic sectors.

In the light of what we already know about the relationships existing
between Lik/L and n, Lik/L and Li/L on the one hand, and Lik/Li and
Lk/L on the other, it may here again be assumed that (a) the available
supply of qualified manpower will expl?in Lik/L distinctly better than
the technological indicators, and (b) that thore should be a fairer di-
vision of influence between Lk/L and Li/L.

We shall attempt .o verify these two assumptions in the following
s ections.

2. LEVELS OF EDUCATION IN THE DIFFERENT
ECONOMIC SECTORS, TECHNOLOGICAL INDICATORS AND

EDUCATIONAL STRUCTURE OF THE LABOUR FORCE

We began by working out a first set of equations using as explana-
tory variables the educational structure of the total labour force and
sectoral labour productivity, taking Lik/L and Lik/Li in turn as depen-
dent variables.

The results, are presented in Table IV-7. While in most cases
the correlations are better than with the single explanatory variable
Lk/L (see Table IV-6), there is usually little improvement. And, as
before, the coefficients of elasticity are ambiguous owing to very con-
siderable standard deviations, especially for labour productivity. A
few equations drawn from Table IV-7 are shown below. It should be
noted that some of them relate to sectors like commerce and transport
for which few results have hitherto been obtained.

Thus, for commerce at the "eight years' schooling or less" level
we obtain:

log (Lik/Li) = -0.77 + 0.83 log (Lk/L) - 0.18 log (Xi/Li)
(0.15) (0.08)

Similarly, for transport at ''university degree" level we get:

R = 0.98

log (Lik/Li) = -0.77 + 1.17 log (Lk/L) - 0.28 log (Xi/Li) R = 0.92
(0. 13) (0.14)

Lastly, for services, at "more than eight years' schooling" we obtain:

log (Lik/Li; 1.48 + 0.80 log (Lk/L) - O. 34 log (X/P)
(0.15) (0.13)

R = 0.95

The high standard deviations cannot be traced back, it seems, to
collinearity between the explanatory variables, as R = 0.66 in manufac-
turing, 0.27 in transport, 0.38 in commerce, and 0.69 in services.

Furthermore, a glance at Table IV-7 shows that only the elasticities
in relation to Lk/L are determined with any real accuracy; whence the
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idea of replacing Xi/Li by another technological indicator. The same
equations were, therefore, worked out again by tne step-wise system,
i. e. , by allowing the computer to choose the variables giving the best
fits.

The most interesting equations are given below:

In the manufacturing sector at "completed secondary level or above"
we obtain:

log (Lik/L) = -1.75 + 1.25 log (Lk/L) + 0.22 log (Energy) R = 0.98
(0.13) (0.10)

In transport at "university degree level":

log (Lik/Li) 0.20 + 1.07 log (Lk/L) - 0.42 log (Cora. Veh. ) R = 0.84
(0.18) (0.11)

In services at "completed secondary level or above":

log (Lik/L) -0.52 + 0.49 log (Lk/L) + 0,43 log (index)
(0.15) (0.18)

R = 0.97

These few examples show that (a) the physical indicators are
chosen in preference to labour productivity, and (b) this does not ap-
preciably change the results. The available supply of qualified man-
power (Lk/L) is still the most precisely determined variable; there can
be no doubt that it explains a major part of the variance of the levels of
education in the different economic sectors. In other words, the mere
presence of qualified manpower at different levels on the labour market
would suffice to shape the pattern of education in the different eco- omic
sectors, the "requirements" arising from the level of technology achieved
playing only a very minor part.

However, one last objection might be made: the very "fornr" of the
variables Lik/L and Lk/L, which are both percentages of the sarr e L
base, may lead to artificial correlations which have no connection with
reality. We shall accordingly try, in the next section, to reolace the
technological indicators by a variable that will dispose of this objection.

3. EDUCATIONAL PROFILES OF THE
DIFFERENT ECONOMIC SECTORS, SECTORAL AND

EDUCATIONAL STRUCTURE OF THE LABOUr FORCE

We shall now attempt to explain che educational profile of the dif-
ferent economic sectors through both the sectoral and the educational
structure of the labour force. This approach forms a logical sequel to
the previous analyses, in which, it will be remembered, the sectoral
structure of employment was regarded as a substitute for the sectoral
technological indicators.

We shall use for this purpose a multiple regression equation in The
form:
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log (Lik/Li) = log a + b log (Li/L) + c log (Lk/L)

excluding the equations with Lik/L as a dependent variable.

There are two reasons for this:

a) Although, on the whole, the correlations between Lik/Li and
Lk/L taken alone are very good, they leave room for possible improve-
ments by the addition of another explanatory variable.*

b) The Lik/Li percentage is mathen.atically inde7endent of Li/L
and Lk/L, while this is not the case for Lik/L, which is always lower
than the smaller of the two.

The results of this equation are shown in Table IV-8. it will be
noted that most of the correlations are excellent: in most cases the
multiple correlation coefficient is higher than 0.90.

Generally speaking, the elasticities for Lk/L are more specific
than those for Li/L, which moreover are negative whenever Lik/Li is
taken as the dependent variable. This should cause no surprise, since,
if Lk/L is kept constant while Li/L, i.e., the aggregate number ern-
.xYloyed in this sectoi-, rises, the proportion of educated manpower in
th:s sector (Lik/Li) must necessarily decline. Conversely, at the "eight
years' schooling or less" level, if Lk/L is kept constant while Li/L
rises, the proportion of the relatively uneducated will rise in correla-
tion with the aggregate number employed. Hence the positive coefficients
of elasticity for Li/L.

The equations in Table IV-8 make possible a description of the
future trend of the educational profile in each sector.

- Thus, for manufacturing, when Lk/L and Li/L rise by lcri re-
spectively, Lik/Li will increase faster at university level (0.8%) than
at the "completed secondary or above" and "more than eight years'
schooling" levels (0. 5 Tc respectively). There will thus be a marked re-
distribution of the labour force in favour of university graduates as de-
velopment proceeds.

These results are not contradicted by those obtained at the "eight
years' schooling or less" level; taking Lik/Li as the dependent vari-
able, we obtain:

log (Lik/Li) = 0.13 + 0.87 log (Lk/L) + 0.07 log (Li/L)
(0.16) (0.09)

R r-- 0.98

The elasticity for Li/L not being significal, we shall have to make do
with:

16,; (Lik/Li) = 0.37 + 0.80 log (Lk/L) R = 0.92
(0.12) (see Table IV-6)

The proportion of relatively uneducated people in the sector will thus
decline as the general level of education of the active population rises.

See Table IV-6.
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- In commerce. ,,,ution will occur in favour of university
graduates (+ 0.6%), fo1 d by workers at "completed secondary level
or above" (+ 0.4%) and then by those with more than eight years' school-
ing (+ 0. 3%). Thus, in relation to the aggregate number in the last cate-
gory, the total number with completed secondary education will increase,
and, in relation to the latter, university graduates will in future be better
repre sent e d.

- The trend is different in the transport sector, where the pro-
portions represented by the various levels of education will remain
roughly constant. The educational profile of this sector should therefore
remain fairly stable. The same will apply to services, surprising as
this may seen-i at first sight; it should not, however, be forgotten that
the level of education in this sector is often fairly high, even in a de-
veloping country, and that the stability of the educational profile is ac-
companied by appreciable increases in absolute figures at all levels.

4. EDUCATIONAL AND SECTORAL STRUCTURE
OF THE LABOUR FORCE

The purpose of this analysis is twofold; first, it will give some
indication of collinearity between the explanatory variables in the pre-
vious equation; secondly, it will show whether certain levels of educa-
tion may not be directly correlated with the sectoral structure of em-
ployment. It will be remembered that a similar line of thought was
followed in Part Three, where the educational structure was directly
compared with the occupational structure of the labour force. It may
again be pointed out that the quality of the correlation coefficient inter-
ests us here much, more than the elasticities.

The simple regression equation which should allow these assump-
tions to be tested is as follows:

log (Lk/L) = log a + b log (Li/L)

The results are shown in Table IV-9.

Most of the correlation coefficients R lies between 0.60 and 0. 75;
it seems, therefore, rather difficult to make certain sectors correspond
more specifically with certain levels of education. The negative corre-
lations in the "eight years' schooling or less" column emphasize the
major role of the economic sectors cons. 'ered in absorbing qualified
manpower. The position would certainly not have been the same with
agriculture, for example.

However, the analysis does not yield any partiaularly new results.
The elasticities which are equal or close to 1 are, however, noteworthy,
as they,should facilitate interpretation of the equations in section 3

(Table IV-8), where the sometimes fairly marked collinearity undoubt-
edly conotitutes an ob9tacle.
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XVIII

CONCLUSIONS

From this analysis of level:: of education in the different economic
sectors, conducted on the same lines as the analysis of the levels of
education in the different occupational categories*, the following gen-
eral conclusions emerge:

1. A single technological indicator usually suffices to "explain" a
variable proportion of variance for the level of education concerned,
provided that this is measured by Lik/1. Results are, however, espe-
cially poor for commerce and transport. In all sectors, non-monetary
indicators give slightly better fits than labour productivity.

2. High correlations and more re?iable regression coefficients
are generally obtained when it is so,,ght to "explain" Lik/1_, by taking
the sectoral structure of employment Li/L; the improvement is par-
ticularly marked for commerce. There is, however, one exception -
services - especially at the higher educational levels. There is obvi-
ously an important element of spurious correlation in this relationship.
However, this type of equation provides interesting information about
the redistribution or deployment of school-leavers and graduates within
each economic sector when the relative weight of this sector, in terms
of total employment, changes. This is, therefore, analogous to the
analysis carried out with occupation/education relationships presented
in Part Three, Chapter XI.

3. As in the case of occupational categories, levels of education
in the different "conomic sectors - measured by Lik/Li or Lik/L - show
particularly cicJe correlation with the available supply of qualified man-
power at different levels (Lk/L), whatever economic sector is consider-
ed. This type of equation also provides some idea of the distribution
through the economic sectors of qualified manpower at each educational
level, by comparing the various elasticities of (Lik/L) with respect to
(Lk/L).

4. When educational levels in the different -,-_:onomic sectors are
tested both with technological indicators (n) and the educational structure
of the labour force (Lk/L), the h:Lter accounts for a major proportion
of the explained varianoe T.:k/L. Once again, this suggests that the
development of the edudational system results in c,incational supply

See Part Thiee;
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effects which are, to a certain extent, more influential than the tech-
nological indicators in the shaping of educational profiles (or levels) of
economic sectors.

5. Lastly, when Lik/Li is tested simultaneously for the sectoral
structure of employment (Li/L) and the educational structure of the
labour force (Lk/L), it is again the latter which accounts for the major
part of the variance in Lik/Li. Note that the elasticities for Lik/Li in
relation to Li/L are always negative when Lk/L is maintained constant.
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Part Five

OCCUPATIONAL CATEGORY AND LEVEL OF EDUCATION:

SOME SUPPLEMENTARY ANALYSES



XIX

INTRODUC TION

1. OBJECT OF THE STUDY

Since educational planning was invented, it has always been recog-
nized that the step leading from occupational categories to levels of
education is the weakest point in the whole process of quantifying the
economic aims of education by long-term manpower forecasting; both
the detractors and the defenders of the method agree about this. it may
not, therefore, be a waste of time to revert briefly to this occupation/
education link, which is ultimately the specific point where the educa-
tional system and the labour market meet.

When all is said and done, the great dilemma besetting the relation
between occupational categories and levels of education may be reduced
to a discussion of the "specialization" or "mobility." of the products of
the educational system. The planners advocating "specialization" be-
lieve that they can fairly accurately forecast the requirementa in each
occupational category, and that their only problem is to find the level of
education best associated with each category.

Contrariwise, the advocates of "mobility" are drawn from among
those who are sceptical as to the possibility of reliable manpower fore-
casting. Their position might be summed up as follows: as accurate
forecasting is impossible, it only remains to ensure that each level of
education allows the most varied possible choice of occupatiLdis. Recent
developments in the educational systems of most countries in the world
supply them with an additional argument; as an increasingly high level
of education is attained by increasingly broad layers of the population,
there is no need for forecasting; on the contrary, the main thing is to
ensure general mobility, to enable each individual to exercise the maxi-
mum freedom.

We have, of course, shown the two aspects of the problem in a
caricatural light. The champions of "specialization" know full well that
to each occupational category corresponds a relatively broad educational
profile, and that even (or rather especially) in the advanced countries,
there should be no hesitation in allowing every opportunity for social
betterment, which would be reflected in a large share in the profile for
the self-taught. * Similarly, there are few advocates of "mobility" who

* In such countries as Britain or France, it is estimated that 30 to 40% of the highly qualified

scientific personnel in certain industries have no university degree.



do not accept forecasting up to a point, espec ally in the less-industri-
alized countries, where occupational mobility can only operate within
strict and narrow limits.

This study certainly has no pretentions to solve the problem, even
by a "synthesis" conciliatory to both sides. All we want to do here is
to consider, in the light of our present knowledge, how the occupational
category level of education relationship tends to change over time. In
other words, does the educational profile of a given occupational catego-
ry tend to reach its peak with one specific level of education, the asso-
ciation between the occupation and the level of education thus tending to
become a hard-and-fast relationship ? Or, on the contracy, does the
educational profile tend to flatten out, with each level of education con-
tributing an equivalent proportion of the numbers in the occupation
concerned, the association between them tending to become looser ?

It can well be imagined that it is not easy to give a universal answer
to this question; commonsense suggests that the replies would be con-
tradictory. It may seem "natural" to require a university degree for
all "professional and technical workers" (major group 0), though a large
proportion of them do not possess this level of education, even in the
most advanced countries. Similarly, it might be supposed that the rise
in the level of education of "manual workers and craftsmen" was more
particularly due to the generalization of compulsory schooling; in actual
fact, the emergence of an elite with completed secondary education in
this group, even in countries where such education is nowhere near being
the general rule for the age-group concerned, negates this assumption.

Furthermore, our regression analyses in Parts Three and Four
provide only part-answers to this problem of association between occu-
pational categories and levels of education; the trend followed by each
level of education was, in fact, studied for each occupational category
in turn. The interest of the present analysis, on the other hand, is that
it gives some indication of the trend of the occupational category/level
of education association as a whole, allowing for the interaction of the
different levels of education* and of the different occupational catego-
ries.** Is the link between occupation and level of education really
tending to tighten or to loosen ? If the former, the planner' s task would
obviously be simplified; if the latter, he would have to take this into
account in his forecasting.

2. MEASURES OF ASSOCIATION USED

A great variety of measures of association exists for use in cross-
classifications presented in matrix form. Very few of them are satis-
factory, however, and it is essential to choose the ones to be used in
accordance with the aim in view and its inherent statistical constraints.
In our case, a twofold problem arises, as the occupation/education
association has first to be derived from complete matrices, and then
from simple vectors representing the educational profile of a given oc-
cupation.

* Chapter XXI.
** Chapter XX.
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i) Measures of association for matrices

The best known have been exhaustively described by L. A. Goodman
and W. H. Kruskal in a series of articles often quoted and widely used.*
We have adopted two of these measures, lambda (X) and gamma (y),
which are fairly similar as regards the way in which they can be used,
although very different in conception.

As far as their common features are concerned, it may first be
noted that "X" and ny" are universal measures of association, based on
a stochastic forecasting model. Their advantage is to reduce a matrix
to a single synthetic indicator, thus facilitating inter-matrix compari-
sons. These two measures may range between 0 and 1; the association
between occupational categories and levels of education wall be strong
when X or y approaches unity, alad weak when X or y approaches O.**
The value of these measures varies considerably, as we shall see,
according to the classifications used, and we shall not, therefore, try
to interpret any one measure of association (for example, does 0,254
signify a clear, fair or vague association ? ), although this is theoreti-
cally possible. On the contrary, our analyses will be based on the re-
lative values of Y and X for perfectly comparable matrices, which will
give us some idea of the evolution over time or space of the existing
association between occupational categories and levels of education.
Whenever possible, we shall establish a relationship between the various
measures of association (each representing a matrix) nnd an economic
variable of the labour productivity type (value added r man-year). No
significance test is unfortunately available for either of these two mea-
sures; in other words, if different values are found for X or Y with dif-
ferent matrices, it will be impossible to say from what point the variation
shown becomes significant. Caution should, therefore, be exercised in
interpreting the results.

The chief differences between X and y are as follows; y is a measure
of association applying only to ordered polytornies; its use will, there-
fore, depend on the possibility of ordering (a) the levels of education,
which raises few problems, and (b) the occupational categories, which
is already more difficult. On the other hand, X required no ordering.

For y , the two polytomies are symmetrical; for X, on the other
hand, they are asymmetrical, one of the classifications "preceding" the
other. As we are studying the occupation/education association from
the aspect of the educational profile of the different occupational cate-
gories, we shall consider that the occupational precedes the educational
classification.***

Lastly, the calculation of X itself, based on the maximum frequen-
cies of the workers in each category in a given level of education, is
extremely simple and can be worked out by hand. The calculation of y,
on the other hand, based on the contingent probabilities, takes much
longer, and requires an electronic computer.

* "Measures of Associations for Cross-classifications' by Leo A. Goodman and William H. Kruskal,

Journal of the American Statistical Association, December 1954, March 1959 and June 1963.

*.* In actual fact, y may rane from - 1 to -1- 1, but the negative values are of no interest in

this particular case.
*** It may be noted in passing that the occupation/education link could easily be considered from

the opposite ang1 T.thlat of the occupational choice of qualified manpower; in this case, the educational

classification (indepandOut variable) precedes the occupational classification (dependent variable).
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ii) Inter-vector comparison

As noted above, X and y are measures applying to complete matri-
ces. The information they yield is therefore very difficult to interpret;
in particular, it is extremely hard to give a visual representation of
what occurs when X and Y vary; a graphic representation is impossible.

We shall, therefore, confine our effcrts, in this case, to converting
a vector (here the educational profile of a given occupational category)
into a manageable measure which may range from a minimum (indicaA.ng

that thJ total iiumbers in the group are clustered on one level of ec1'1(-1-

tion) up to a maximum (indicating that the numbers are equally distri-
buted over all levels of education). The information theory relating to
the probabilies of occurrences* seems to provide a sound answer. The

quantity Fl "translating" the educational profile of a given vector is called
the entropy; this may vary from a maximum (H = log n), translating an
equivalent representation of the n levels cf education ;.n the occupational
group, to a minimum (H = 0), indicating a perfect "association" between
the occupational group concerned and a given level of education.

This analysis by vectors will therefore complete the analysis made
at matrix level; when the occupation/education association rises or
falls within the matrices, it is obviously interesting to find out to what

extent the different occupational categories are responsible for the vari-
ation.

Chapter XX will, therefore, be devoted to the measures of associa-
tion at matrix level; an analysis of certain educational profile vectors
will be found in Chapter XXI.

202

* See Annex Et a note or. the information theory, For more details, see Information Theory

and Economic Analysis, by H. Theil, North Holland Publishing Company, Amsterdam, l967,
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XX

MEASURES OF ASSOCIATION AT MATRIX LEVEL

As might be expected, the application of this measure requires the
most highly detailed matrices; that is why international comparisons
similar to those in Parts Three and Four of this study are impossible.
The international classification of education which we have been able to
establish for twenty-five countries remains too rudimentary for any
measures of association; and the fact that the levels of education are
cumulatively defined would be an additional obstacle.

We shall, therefore, confine ourselves to a few applications in the
countries whose occupational category/level of education matrices have
been concentrated over time by the introduction of the age-group dimen-
sion, or spatially by the introduction of the economic sectors.

Before commenting on them, it may be pointed out that X has already
been applied to Japan* to measure the variation in the occupation/educa-
tion association in that country between 1950 and 1960, and that it is
applicable to all countries with time series of matrices: United States
(1940-1960), France (1954-1962), with certain reservations.

regards V. already used for the United States**, France*** and
Uruguay****, this may be employed whenever the occupational classifi-
cation has been so compiled that the -various categories can be ordered.

1. APPLICATION OF LAMBDA "X"

There was no difficulty in applying this measure to Canada and
Argentina. Both countries keep treble-entry tables cross-classifying
the occupational groups, levels of education and age-groups.*****

* In A Technical Evaluation of the First Stage of the Mediterranean Regional Project, OECD,

Paris, 1967, pages 159 and seq.
** ''Trends in Education in relation to the Occupational Structure'', by J. K. Folger and C. Nam,

in Sociology of Education, Fall 1964, Volume 38.
***"Fr6quentation sco,lire ;et composition de l'emploi", by L. Tanguy, in Cahiers d'etudes des so-

ci6tes industrielles et de I'aumation,. No. 8, 1966-67, CNRS.
**** "Education, Occupation ,Ind Development'', by A. Solari, N. Campiglia and S. Prates, in the

International Social Science Journal, No. 3, 1967, UNESCO.
***** The Contribution of Education to Economic Growth, by G. W. Bertram, prepared for the Economic

Council of Canada, Staff Study No, 12, June 1966: see Appendix, Table A -2, Education Human Resources ,

lnd Development in Argentina, OECD, Paris 1967: see Table III-26.
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Argentina also keeps treble-entry tables, cross-classifying the occu-
pational groups, levels of education and economic sectors,*

The numerical values of X, calculated by age groups, in Canada
and Argentina, are shown in Table V-1. Only the '25 years and over"

age-groups were considered, to avoid any distortions due to the fact that

a proportion of younger people with a high standard of education have
not yet entered the labour force. The calculations in this table were
made with absolute frequencies.

Table V-1. TREND OF "X" AS A FUNCTION OF
THE AGE-CROUP: ABSOLUTE FREQUENCIES

AGE-GROUPS 25-34 35-44 45-54 55-64
64

OR OVER

CANADA: 1961

13 occupational categories].
6 levels of education2

0.162 0.137 0.094 0.044 0.054

AGE-GROUPS 25-29 30-34 35-44
46

OP OVER

ARGENTINA: 1960

11 major occupational groups3
5 levels of education4

17 occupational categoriess
5 levels of education4
7 occupational sub-groups6
6 levels of education4

0.079

0,126

0.344

0.060

0.134

0.446

0.053

0.128

0.456

0.017

0,078

0.458

1. The classification adopted is the ISCO, with a few slight variations: major group 4 (Farmers, fisher-

men ...) is here broken down into three sub-groups; and one more group has been added: "Unspeci-

fied occupation".
2. PriMary school: (0 - 4 years), (5 - 8 years).

Secondary school: - 3 years), (4 years).

Some years at University.
University Degree.

3. The same as in the ISCO, with Major Group 7/8 subdivided into "Manual workers and Craftsmen"

and "Unskilled workers and day labourers".

4. No education, Primary, Secondary, Higher, University.

5. Categcries indicated in notes (3) and (6).

6. Minor groups of the ISCO, Major Group 0, aggregated as follows:

- Scientific and technical Personnel: minor groups 00, 01, 02 and OX.

Physicians, surgeons and dentists: 03.

Para-medical workers: 04, 05.
- Others: 08, 0Y.
- Teachers: 06.
- Artists, writers. 09.

- Clergy: 07,

See previous note: "Methodolog._al problems and statistical sources", Annex K.
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The findings .Lor Canada yield the clearest conclusion: except for
the "65 years and over" group, the occupational category/level of edu-
cation association diminishes with age. It thus rises as time goes on,
if it is agreed that the stratification by age-groups provides an accept-
able representation of the trend over time.

The same conclusion may be reached for Argentina, while noting
that the values of X are extremely small. The reason lies in the method
of calculating X: it approaches 0 when most of the ma:dmum frequencies
are in the same column - here the primary level of education.*

In comparing the values of X obtained with 11 and 17 occupational
groups (the latter obtained by d4.saggregating major group 0, which is
the best educated), it can be seen that those values rise significantly as
the classification becomes more detailed. At the same time, the trend
of X is less clear: th =. association remains practically stable up to the
age of 45,

If the calculation is repeated with the matrices reduced to seven
sub-groups lf major group 0, the values of X indicate a much better
association between the sub-groups and the level of education. The trend,
however, is far from clear: the association appears stable for the over
35s, but losser fur the younger age-groups.

When X is calculated with absolute frequencies, the values obtained
have the disadvantage of being the resratan% of variations in the associa-
tion itself and of changes in the occupational structure depending on the
age group. To abstract the latter, the calculations were re-made with
relative frequencies**; the main resvilts will be found in Table V-2.

Table V-2. ARGENTINA : TREND OF "X" AS A FUNCTION
OF THE AGE-GROUP : RELATIVE FRLQUENCIES

25-29 30-34 35-44
45

AND OVER

11 major occupational groups
5 levels of education

17 occupational categories
5 levels of education

7 occupational sub-groups
5 levels of education

0.094

0.340

0.405

0.066

0.358

0.447

0.067

0.380

0.479

0.026

0.323

0.415

NOTES: See notes to Table V-1.

* We are then dealing with an instance of an indeterminate A , not with a nil occupation/edu-

cation association.
** I.e., with percentages, the total numbers in each occupational category being represented

by 100.
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The association diminishes with age - i. e. , rises over time - for
the eleven major occupational groups. The conclusion here is the same

as before. On the other hand, there is a distinct increase in Ihe asso-
ciation as the age-group rises (except for the over 45' s) with a more
specific occupational classification: it thus diminishes over time,

Lastly, the spatial trend of association has been studied for
Argentina, using the treble-entry tables - occupational categories,
levels of education and economic sectors - available for that country.
Here again, the calculations were made, first, with absolute frequen-
cies and, next, with relative frequencies: Table V-3. As can be seen,
the values of X based on the latter are higher than those based on the
former; but it is disquieting to note tiiat the two trends seem to be in-
dependent: R = -0.46 (Spearman' s coefficient). Both series of measures
of association were also correlated with labour productivity (Spearman s

coefficient):

Correlation between X/L and X (absolute frequencies): Ft = 0.44

Correlation between X/L and A (relative frequencies): R = 0.35

Lastly, column 4 in Table V-3 gives another series for A, leaving
out of the calculation the occupational category "manual workers and
craftsmen", which is far and away the largest numerically si eaking,

because we thought that the weight of this category might introdace
some distortion: its maximum frequency is invariably found at "no edu-
cation and uncompleted primary" level. The values in column 4 are
indeed very different from those in column 1.

The general impression left by all these measurements is that it
would be very rash to draw any conclusions as to the trend over time or
space of the occupational categories/levels of education association.
The only certainty is that the association rises, on the one hand, as
the classifications considered become more detailed, and, on the other
hand, when relative frequencies are used instead of absolute frequen-
cies. The latter fact leaves no doubt that the variations in the occupa-
tional distribution from one matrix to another have a great influence on
the degree of occupation/education association.

2. APPLICATION OF GAMMA "y"

Of all the statistical data at our disposal, the 1961 Peruvi i census

data certainly lend themselves best to a Y application. It was found
possible to establish, with a 10% sample of this census, an occupational
categories/levels of education matrix for each of the 17 branches of the
economy.* Moreover, it was fairly easy to put in order the two classi-
cations, which is one condition of application of Y, as already pointed
out. The educational classification adopted for that country sub-divides
each level of education into cycles; it was, therefore, quite easy to
draw up nine graduated levels of education, it being agreed that the level
of ins .ruction 6 (engineering science) is of "higher" quality than the in-
struction given in the other faculties: level 5.**

* See Desarrollo economico y social, recursos hunianos y educacion, National Planning Institute:

OECD, Lima, June 1966: Annexe III-V; and in French, Rcssources humaines, education et deyeloppe-

ment économique au Perou, OECD, Paris, 1967, pages 39'7 and seq.

** See details of the classifications in the notes to Table V-4,
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Table V-3, ARGENTINA: TREND OF "X" AS A UNCTION
OF INDUSTRIAL BRANCHES

INDUSTRIAL ERA NCHES

ABSOLUTE

FREQUENCIES

RELA TIVE

FREQUENCIES
X/L

-

ABSOLUTE

FREQUENCIES

1 2 3 4

Food, beverage and tobacco
industries 0.071 0,146 203 0.196

Textiles 0.054 0,132 174 0.097
Footwear and other wearing

apparel 0.012 0.152 - G. 055
Wood and cork industries,

printing 0.038 0,183
a)

- 00152
Paper and paper products . . 0.035 0.192 132 0. 1 24
Chemical products,

petroleum and coal
products 0.014 0.184 326 0.181

Basic meta1 industrie6 .. . 0.065 0.195 110 0.217
Metal products, machinery

and electrical equipment . 0.033 0,153 219 0.163
Transport equipment .. . . . . 0.027 0.142 166 0.184
Electricity, gas and water . 0.010 0,238 212 0.289
Construction 0.035 0.132 99 0.114
Transport and communi-

cations 0.149 0.097 108 0.167

NOTES: Columns 1 and 2:
Occupational categories: 8 drawn from the ISCO.

Scientific and techical perso. lel: 00, 01, 02, OX.
&lists and clergy, etc.: 0'7, 09.
Other professional workers: other sub-groups of Major Group 0.
Administrative and managerial workers.
Clerical workers.
Sales workers.
Craftsmen and manual workers.
Other workers.

Levels of education: 6.

No education and uncompleted primary.
Completed primary.
General and technical secondary: uncompleted.
General and technical secondary: completed.
Post-secondary and university: uncompleted.
University degreo.

Column 3:
Value added per man-year: 103 1960 pesos.

Column 4:
Occupational categories: 7. The same as in column 1, excluing craftsmen and manual
workers.
Levels of education: 6. Same in column 1.

a) Owing to the incompatibility of the employment and value added statistics, it was not feasible zo

calculate X/L for these two branches; it was, however, possible to determine their ranking in relation
to productivity in the other branches: 7th and Sth respectively.:=,

PO' 7
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It was more difficult to order the occupational classification;
somewhat varied criteria were applied in this case, ranging from
social prestige to average wage level, without overlooking the average
level of qualification. The ranking of some of the 13 occupational
groups could, of course, invariably be contested, especially at the top
of the scale: should military personnel take presidence over scientific
staff, should clergy come below technicians ? In the case which con-
cerns us, these are minor changes which would do nothing to modify the
tenor of our conclusions as to the trend of Y as a function of the economic
sectors.

This being granted, y was calculated for each of -the 17 economic
sectors, using matrices successively based on:

total employment in the sector;
male workers in the sector, to eliminate any distortion arising
from differences in qualification between men and women work-
ers;
urban employment in the sector, to make allowance for census
errors, which are often larger in rural areas than in towns.

Lastly, another series of y was calculated vdth matrices cross-
classifying the same levels of education as before, with only the eleven
occupational sub-groups included in categories 0, 1 and 2, (professional
and technical workers) of the previous classification.*

As in the case of X, the cal based, fir.3t, on absolute
frequencies, then, on relative eliminate variations in
the association due to change: structure.

The values of Y for these eigni; series of 17 sectors each are shown

in Table V-4.

We may begin with a few general remarks.

Leaving aside agriculture, for which Y is close to 0, the occu-
pation/level of education associat_on varies widely according to
the sector; it is lowest for the metal-working industries (0.200),
and highest for "other services" (0.628) (column 1). The fact
that female or rural labour is excluded does not change the re-
sults (columns 2 and 3).
IVIore generally, there is a good rank correlation between col-
umns 1, 2 and 3. Only for the textile sector, which shows a
high association (V = 0.586, 3rd rank) with its total labour force,
does the association decline sharply when it is calculated with
urban employment (Y = 0.329, 14th rank)or with male workers

= 0.377, 14th rank). For this sector, then, the particularly
large:force of women workers (52% of the total), and the man-
power working in rural areas (38% of the total), usually on a
craft industry basis, help to send up the occupation/education
association very substantially.
Attention should also be drawn to the high values of y in column
4; once again, the association rises sharply as the occupational
classification becomes more detailed.

See details of the classifications in the notes to Table V-4.
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Taking now the values of Y calculated from relative frequencies,
we find here again a good rank correlat.on between the series
for the total labour force, urban workers and male workers.

This is not the case if the series obtained with relative frequen-
cies are compared with those obtained with absolute frequencies:
R (Spearman) = -0.22 with the total labour force (columns 1 and

5). As in the ca3e of A, the variations in the association are
thus very different according to whether the variations in occu-
pational structure are or are not taken into account.

The above conclusion does not hold good for the sub-groups of
major group 0; the two series of Y in columns 4 and 8 evolve
on practically the same lines: R (Spearman) = 0.79, whereas
the composition of major group 0 varies widely from sector to

sector (example: no teachers in mining; teachers representing
nearly 100% of the numbers in the education sector).

An attempt was also made te link the measures of association with
a few economic variables ch,Loacteristic of each sector: sectoral em-
ployment (total, urban or male), gross value added in 1960, sectoral
labour productivity, the proportion of "white collar" workers and "pro-
fessional and technical workers" in sectoral employment. These vari-
ables are shown in Table 11-5.

Using Spearman' s correlation coefficient, we arrived at the follow-
ing conclusions.

1. There is no significant relationship between the closeness of
the occupation education association* and the size of the sector,
as measured by total, urban or male employment.

2. The value added by sector, and sectoral productivity, are also
independent of the occupation/education association.*

3. On the other hand, the association does show a significant cor-
relation with the percentage of "white collar" workers in sectoral
employment, provided that it is calculated on the basis of abso-
lute frequencies:
R = 0.70 (association calculated with urban employment)

R = 0.68 (association calculated with male employment)

R = 0.48** (association calculated with total employment).

Very similar results were obtained with the percentage of

professional and technical workers" in total employment.

When the association is calculated on the basis of the relative
frequencies, none of the above correlation coefficients is sig-

nificant.
4. Lastly, sectoral productivity shows a significant correlation

with the occupation/education association, calculated for the
sub-groups of major group 0: R = 0.61 (relative frequency).
Leaving aside the fishing and construction sectors, which
show some special features in Peru***, we obtain R = 0.87.

* Whether calculated with absolute or relative frequencies.

** R = 0.67 if the textiles sector is eliminated: see above.

*** The members of major group 0 working in the fishing sector numbered 26C in 1960, nearly

all belonging to the Pilot's Corporation. As for the construction sector, the low productivity per head

is notorious.
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To sum up, it does seem that the size of the non-manual occupa-
tional categories in each sector has a decisive influence on the intensity
of the occupation/education association. More specifically, only the
association between the sub-groups of "professional and technical work-
ers" and their level of education has any relationship with per capita
productivity.
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XXI

INTER -VE CTOR COMPARISONS

As stated in our introductory paragraph, we shall use information
theory to compare the educational profile vectors of each occupational
category.

The conditions of application of the entropy are very simple; let
us briefly recall them:

the educational classification need not be ordered, and the levels
of education must be independent of each other;
the sum of the respective probabilities that each member of a
given occupational group will have a given level of education must
be equal to 1: the profile vectors will tnerefore have to be shown
in percentage form, the total numbers in each occupation being
equal to 100;
the method of calculation of the entropy (H) makes it range from
0 to log n (n being the number of educational levels considered).
When H tends towards 0, this means that the numbers in the
whole occupational group tend to be concentrated in one level of
education; when H tends towards log n, there is equi-probability,
i. e. the numbers are equally divided among the different levels
of education.

The country which lends itself most conveniently to this type of ap-
plication is undoubtedly Argentina, which has treble-entry matrices for
occupational categoriesavels of education economic sectors. The edu-
cational cllassification adopted for this country is, in fact, highly detailed:
16 levels for each of the 20 economic sectc.rs.*

The educational profile of major group 0 in each sector was the
first chosen for the calculation of the entropy. The latter was then cor-
related with the sectoral productivity, with unequal results according
to the number of sectors considered, as can be seen from the following
table:

* For the purposes of this section, we shall thus obtain 0 <H <log 16, or 0 < H <4, These are
binary logarithms. The values of H will be found on the corresponding graphs,
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Table V -6. INT ER -CECTORAL
PRODUCTIVITY-ENTROPY CORRELATIONS

(Major Group 0 with 16 lewAs of education)

12 economic sectors1
20 economic sectors°
18 economic sectors3
9 branches of industry-s

11 branches of industry5

R.

R2

R3

114
R5

(Spearman) =

=

=

=

=

-0.08
0.15
0.54
0. 77
0.80

1, The manufacturing industries being grouped in a single sector.

2. The manufacturing industries beirg broken down into nine branches of industry,

3. Same as in note 2, less governn.ent services and real estate.

4. The same as those mentioned in note 2.
5. The same as in note 4, plus construction and transport.

A rapid glance at the above table shows a positive correlation be-
tween entropy and productivity, provided that relatively homogeneous
sectors are being compared, as is the case for R4 and R5' * In other
words, the higher the productivity, the higher the entropy, so that the
educational profile of major group 0 may well be flat (tending towards
e qui -probability).

This phenomenon was graphically confirmed for two branches of
:.ndustry: the chemical industries and the basic metal industries.
Graph V-1 shows that the ethicational profile of major group 0 in metal
industries features two very pronoun:.;ed peaks at "completed technical
secondary" ad "tiniv,rsity science degree" levels, which account be-
tween them for nearly 3% of the numbers in the group. In the chemical
sector, on the other hand, 60% of major group 0 are distributed among
four peaks, represer_ '_ng "completed primary" (9.1%), "completed tech
nical secondary" (16. A), "completed university science coursesh
(2g. 2%) and "completed university medical courses's (14,1%), giving a
hiiaer entropy. But laoour productivity in the chemical sector is
nearly three times as high as in metals. This seems to indicate that
th:2re is a fairly marked link between high productivity and the general
standard of education in major group 0; conversely, relatively low
productivity goes vith congruence between Lae numbers in this group
and two very specific 1c !els educeion.

It is, however, possible that the positive correlation observed
bet-reen entropy and -.:13ductivity in rlajor group 0 is the resultant
of - negative correlaLon for technica: occupatione** more than

* It can also be seen that the simple fact of sub=acting two sectors (government and real estate)

in wnich labour productivity, as here calculated, is not ery meaningful, suffices to raise the correlatic;;:

coefficient sharply.
*=-4 Commonsense would sugsest that these ''must have the appropriate level of education, i.e.,

a low entropy.
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compensated for by a positive correlation for non-technical occu-
pations.*

Major group 0 vias therefore sub-divided into its two main compo-
nents, non-scientific professional workers'' (Graph V-2) and "scien-
tific and technical workers" (Grapi- V-3). It was then found that the
converse is also true: it is mainly the latter sub-group which is respon-
sible for the entropy for major group 0 in the chemical industries being
higher than in basic metals**, although non-scientific professional
workers also contribute to this result.***

The above examples might, however, seem to indicate that the
entropy/productivity link is stricter and, above all, easier to interpret
than is in fact the case. By way of an "antidote" let us consider Graph
V-4 describing the educational profile of major group 0 in two sectors
with roughly equivalent levels of productivity; the textile industries and
transport equipment for which the entropies are distinctly different. In
the first sector, 55 to 60% of the numbers in the group are distributed
over four peaks, compared with 70% in the second. More specifically,
Graph V-4 shows that, in the "modern" branch of transport equipment,
e phasis is laid on scientific education (secondary and university level),

llmost total exclusion of all other types of education; on the
uher nand, in the more "traditional" branch of textiles, there are al-
most equal numbers of science and arts graduates among those with
university degrees; there is also a large contingent in major group 0
with primary level only.

We thus seem to be arriving at a conclusion opposite to the previous
one: the modern sector demonstrates a cercain congruance between ma-
jor group 0 and very specific levels of education, whereas in the tradi-
tional sector widely diverse levels of education are found for this group.
In actual fact, the diversification in the first case was due to the emer-
gence of a large section of major group 0 in the chemical industries
with completed medical studies, whereas in textiles, there is probably
a persistence of traditional levels or types of education.

This being granted, there is no reason to limit the productivity
comparisons to the entropy in major group 0 alone; the educational pro-
files of the other occupational groups should also be taken into account,
as their respective entropies can confirm or invalidate the positive cor-
relation found with major group 0. Reverting to our earlier exaMple of
basic metals and the chemical industries, Graphs V-5 and V-6 were
plotted for "administrators and managerial workers" and "manual work-
ers and craftsmen?' respectively.

In this specific instance, it was confirmed that the high productivity
in the chemical industries goes with entropies for these two occupational
groups, beinghigherthan for their counterparts in basic metals. Graphs
V-5 and V-6 indicate, however, that caution is needed; having regard to
the low level of education in these two groups****, a more diversified

* The idc beng that the occupation/educasion link for these categories would be looser, i.e.,

the entropy would be higher.
** Graphs V-1 and V-3 are almost exactly superimposable.

*** Their educational profile is characterized by significant proportions at levels 7 to 13 in the

chemical indus'ries, but not in metals: see Graph V-2.
**** The peaks corresponding to the lowest levels of education on the left of the graphs,
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educational profile also means an increase in the total number of years
of schooling*: in Graph V-5, completed or uncompleteia "general se-
condary" levels represent larger numbers in the chemi2al industries;
the same applies to Graph V-6 in the case of completed primary level.

It may, therefore, be asked whether the positive productivity/en-
tropy correlation does not merely reflect the productivity/number of
years of schooling correlation, instead of a phenomenon of diversifica-
tion of the educational profile as productivity rises. It can be seen that
the interpretation of entropy is a tricky business, and that it is impor-
tant for the calculation of this measure to be accompanied by a graphic
analysis, however superficial.

Leaving productivity aside altogether, we would now propose one
last example of inter-sectoral comparison of educational profiles for
two selected branches of services** namely, commerce and govern-
ment services. Graph V-7, comparing the profile of major group 0 in
these sectors, is of particular interest: whereas in commerce, 60%
of the numbers in this grouv are concentrated in the two levels "com-
pleted primary" (10%) and completed university course in medicine"
(50%)***, in government services, there are equivalent proportions
at the following four levels: primary, technical secondary, university
science graduates and university arts graduates. Here again, the re-
spective values of the entropies reflect this state of affairs.

The educational profile of "administrators and managerial workers"
for both sectors is shown in Graph V-8. The entropy is higher in gov-
ernment services, because appreciable proportions of the numbers in
this group are beginning to emerge with high levels of education.

Lastly, Graph V-9 compares the profiles of the occupational groups
which are the largest numerically speaking and are "characteristic" of
the two sectors, namely, sales workers in commerce and clerical work-
ers in government services. The phenomenon noted in the previous
paragraph here operates in favour of clerical workers.

Because peaks would emerge at rhe highest levels of education in the middle of the

graph,
** As we saw, the entropy/productivity correlation was valid only for certain branches of

industry.
*** Representing virtually all tht qualified dispensing chemists.
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XXII
CONCLUSIONS

Looking back on this rapid survey of measures of association for
cross-classifications, it is hard to avoid a certain scepticism in face
of the sometimes contradictory results.

First, we find that the degree of disaggregation of the occupational
classification may change the direction of the trend over time of the
association measured by X.*

Similarly, when the association is calculated with relative frequen-
cies, e. , when the influence of the occupational structure is elimi-
nated, the trend of X (over time or space) and of Y (over space) does
not always conform to the trend observed with absolute frequencies.

Furthermore, the occupation/education association has no signif-
icant correlation with an economic indicator like labour productivity,
save in respect of the sub-groups of major group 0. The influence of
"professional workers'', or, even more widely, "white-collar workel-s"
on the closeness of association is confirmed by its correlation with the
proportion of such workers in total employment.

More definite conclusions may perhaps be drawn from the compari-
sons between the educational profiles for a given occupation in different
economic sectors: if the comparisons are confined to industrial sectors,
high productivities generally correspond to educational profiles showing
appreciable proportions of the total numbers at several very different
levels of education.** We gave examples showing that this observation
might have different meanings according to the sectors considererl.

To sum up, while this type of measure may sometimes be very
useful as an indication of trends in highly specific contexts, it can be
seen how misleading it would be to use it as a basis of argument to lay
down the future orientation of educational planning. ft would be more
interesting to follow the path of systematic study, by countries or on an
international basis, of those celebrated educational profiles, which
constitute, when all is said and done, the most flexible and adaptable
instrument for manpower forecasting. There is nothing to prevent their
being improved by the addition of levels of informal education, the in-
troduction of age-groups, etc.

* Not to mention the increases in absolute value of A whenever the classification becomes

Wore detailed.
** We call this a tendency to equi-probability of the different levels of education in each occu-

pational category.
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Part Six

CONCLUSIONS

Before trying to draw the main conclusions from
the preceding analysis, it may be useful to recall the
following points, which have been the rationale under-
lying the presentation and content of the study:

The available data have been used as extensively as
possible; this has resulted in the testing of a great
number of equations which are not all of equal
value;

The study has not limited itself to only identifying
relationships useful for forecasting purposes, but
also to those which could give clues as to the ob-
served constellations of occupational and educa-
tional structures of the labour force. This approach
has added to the multiplicity of equations presented;

- In general our approach to the problems to which
this study has addressed itself can be labelled as

The purpose of this final Part of the study is
(i) to review the main results; (ii) to deal very briefly
with some of the more obvious objections and (iii) to
broaden the perspective and to fit the present results
in the wider frame of educational planning and policy.

Thus it is hoped to show that this study is not a
blind alley, but rather a stepping stone towards more
comprehensive future research.
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XXIII

BASIC INTERRELATIONSHIPS REVEALED BY THE STUDY

The purpose of this chapter is not to summarize the findings yielded
by the preceding analyses. This has already been done at the end of
each of the Parts of this study. It would appear more fruitful to attempt
to draw from the massive analysis undertaken a possible type (or possi-
ble types) of causal structure:, goveruing the relationships between the
occupational and educational structures and the economic and technologi-
cal indicators.

1. REVIEW OF MAIN RESULTS

The following points are summarized in diagram VI-1. They should
of course be accepted with caution while keeping in mind the reservations
made throughout the preceding text.

a) Very roughly the economic and technological indicators (n) ac-
count for 50% of the variance in Ljk/L: arrow 1.

b) Arrow 2 indicates that (n) accounts for 10 to 80°k of the variance
in the occupational percentages: Lj/L, depending on the case.

c) When Lj/L is substituted for (n) as the explanatory variable,
the weight of the occupational percentage accounts for 25 to 85%
of the variance in Ljk/L, depending on the case: arrow 3.

d) The influence of (n) on the educational percentages alone (Lk/L)
is shown by arrow 4: from 40 to 70% of the variance.

e) Lk/L can be viewed as a function of the annual flows from
the educational system into the labourmarket (arrow 5). Ljk/L
can therefore be made to depend also on the availability of
gracuates: arrow 6 represents this relationship which can be
considered as the model of the occupational choice of graduates
discussed in Chapter XII.

f) It has become clear at this stage that Ljk/L depends simultane-
ously on (n) and Lk/T- - arrows 1 and 6 - or on Lj/L and Lk/L:
arrows 3 and 6. Moreover, one of the conclusions reached in
Chapter XIII of the study was that the influence of Lk/L is
largely dominant: heavy arrow 6.

g) We will point in Annex C to the significance of technical coeffi-
cients: Lj/X, Ljk/X and Lk/X. To anticipate, the coefficient
Ljk/X stands in a tan-zoiogical relationship to Ljk/L through
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X/L. These coefficients may therefore be considered as re-
sidual of the equation Ljk/L = f (X/L). To obtain further
knowledge of these coefficients - a requisite for improving this
basic equation - they should accordingly be made to depend on
factors independent of X/L: arrow 7.

h) Finally, attempts to fit a production function in order to bring
out the effect of Lk/L - and hence of Ljk/L - on levels of eco-
nomic and technological development will be found in Annex D:
arrows 8 and 9. The high degree of collinearity between the
various Lk/L' s, however, will prevent any satisfactory con-
clusions to be drawn from these results.

If the fairly similar results obtained in Part IV are now taken into
account, the system can be generalized by introducing the economic
sectors (1):

1) Thus the sectoral economic indicators (11). account for the widely1'
fluctuating part of the variance in Lik/L: from 10 to 80%, de-
pending on the sector and level of education (arrow 10).
When the sectoral structure of employment (Li/L) is substituted
for (n1), it accounts for 35 to 70% of the variance in Lik/L: ar-
row 11.

k) Lik/L moreover depends on the stock of graduates available
in the labour force, arrow 12 represents the model for sectoral
choice of graduates, as discussed in Part IV.

1) It will then be clear that Lik/L simultaneously depends on
Lk/L and ni - arrows 12 and 10 - or Lk/L and Li/L: arrows
12 and 11. The dominant effect of Lk/L is indicated by the
heavy arrow 12.

m) The sectoral educational coefficients may be regarded as re-
sidual values of the equation Lik/Li = f (Xi/Li) for the same
reasons indicated for the total economy: see Annex C. To obtain
further knowledge of these coefficients - a requisite for improv-
ing the basic equation - they should accordingly be made to de-
pend on factors independent of Xi/Li, a complementary analysis
which here has only been suggested: arrow 13.

n) Finally, the fitting of a production function in order to bring
out the effects of Lik/L on levels of development will be found
in Annex D: arrow 14. Here again, however, the collinearity
problem looms large.

Owing to their general character, some of the foregoing findings
need to be further developed, and if used may give rise to certain am-
biguities which need to be made explicit.

i)

2. ADDITIONAL OBSERVATIONS CONCERNING
THE TATURE OF THE FINDINGS

i) The problem of suboptimality

The type of international cross-section approach used throughout
the study can and is frequently criticized because it uses observed values
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which are not necessarily optimal values. Such criticism applies of
course with equal force to comparative analysis at the establishment
level, to time-series analysis - in short to any kind of analysis which
accepts the observed past and present situation as a datum for future
action.

a) Although the regression lines as estimated in the previous
Parts of this study could indeed frequently be labelled "aver-
ages of imbalance'', they are still preferable to an isolated
imbalance whose direction and magnitude are unknown;

b) Secondly, and once again, we have never advocated any me-
chanical application of the regression equations. However, the
regression lines should be considered as indispensable refer-
ence values, from which an optimum value could be approached
by means of "individual" analysis at the national level. As an
illustration of this point, it will be clear that in regard to Japan,
a permanent extreme case in all scatter diagrams, the results
of any regression equation based upon international observations
can but be one among other determining factors. This example
moreover points to the importance of analysing on a case study
basis those countries that are situated in extreme positions
with respect to the regression line. This has not been possible
in the framework of the present study.

ii) The identification problem

This problem has already been referred to in Part I. In Parts III
and IV attempts have been made to assess the respective effects on the
educational profiles of the "push" factors originating from the expansion
of the educational system, and of the "pull" factors as reflected by eco-
nomic needs for qualified personnel.

The general conclusion which could be drawn from an equation like
Ljk/Lj = f (Lk/L, Lj/L) was that in the vast majority of cases the in-
fluence of the available supply (the "push" factors) strongly prevailed.
This should not come as a surprise when it is remembered that no coun-
try has ever seriously subordinated the growth of its educational system
to strictly economic needs. Possible exceptions are the very few so-
cialist countries among our observations.

It would be absurd to maintain that the equation Ljk/I4 = f (Lk/L,
Lj/L) resolves the identification problem by equating the supply" to
Lk/L and the "demand" to Lj/L. It is but the most complete statistical
expression of the occupation/education matrices. It is mainly effective
in showing that the educational profile of occupational categories is a
function both of the economic indicators and of the educational stock em-
bodied in the labour force. This means in practice that manpower fore-
casts by levels of education should always be accompanied by forecasts
of the educational system' s supply of graduates.

iii) Complementarity versus substitution

It will be recalled that another question mentioned in Part I was that
of complementarity versus substitution. This problem is obviously re-
lated to that of supply effects mentioned in the previous paragraph. The
analyses carried out in this study - both with,r-egard to occupational
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and educational percentages and with occupational and educational
coefficients - strongly suggest that possibilities of partial substitution
between different types of labour exist at given levels of economic and
technological development. As has already been indicated several
times in the course of the analysis, other reasons besides substitution
possibilities may exist to explain our findings, but the least one can say
is that they cast serious doubts on the complementarity hypothesis usually
adopted in manpower forecasts. This is consistent with our conclusions
of the previous paragraph.
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XXIV

THE STUDY IN PERSPECTIVE

This publication arrives at a moment when the approach towards
manpower and educational planning is going through a reappraisal. The
emwhasis is shifting away from the mere and rather naive quantification
of targets" (so many engineers, etc., required, so many secondary
school-leavers going to apply for entry into the University) towards a
more sophisticated investigation into the interrelationships between the
educational process and the economic and social process. There is
also a definite trend towards a closer integration of educational planning
into the decision-making structure and process. These two points will
be dealt with briefly in this final chapter which will thus also serve to
examine the relevance of the preceding study to this more realistic ap-
proach. However, before widening the debate in this way to include the
entire field of educational planning and policy problems, a few words
will first be said about certain aspects of the narrower area of the eco-
nomics of education, insufficiently dealt with during the preceding
analysis.

1. EDUCATION, MANPOWER AND THE LABOUR MARKET

Certain problem areas have hardly been touched upon in the course
of this study. One of them relates to the actual functioning of the labour
market and the incentivei - both monetary and non-monetary - that pre-
vail. One of the more important factors in this respect - namely wages -
has been conspicuous by its absence throughout the analjsis. A very
brief account will,therefore, be given of how wages and salaries are
usually dealt with in the economics of education, and of how they might
be introduced in the present analysis. This problem cannot be dealt
with in isolation from the educational "push" factors which, as was noted,
have a considerable impact on the educational profiles of occupational
categories and on the qualification structure of the labour force in gen-
eral: arrows 53 6 and 12 depicted in diagram VI-1.

We will start by reviewing briefly how up to now the salary struc-
ture has been taken into consideration in the field of the economics of
education before making one or two suggestions as to complementary
ways of doing so.

a) The most systematic way of dealing with the salary structure
has been called the rate-of-return approach which consists of an appli-
cation of cost benefit analysis to investments in education (both on the
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private as well as on the social level). It is not necessary to describe
this method; it will suffice to refer to the supporters of this approach*,
who incidentally are the first to point out its limitations.**

In our diagram VI-1, arrow A symbolizes the direct impact which
the salary levels by qualification can exert on the development of the
educational system through cost-benefit analysis. We shall not here
take up the now classical objections to this approach, such as the diffi-
culty of assigning the exact share of additional earnings due to differ-
ences in educational achievement alone; the distortions that may exist
in the functioning of the labour market which may compel the adoption
of shadow prices, which however, is not an easy task, etc.

b) The above method constitutes an ex post check on the efficiency
of investment embodied in educational facilities and may, therefore,
provide a signal for the desired direction of change in the educational
system. On the other hand the existing wage and salary structure may
affect development of the educational system ex ante through its influence
on the so-called social demand for education: arrow B. Social demand
for education depends on several factors whose respective weights are
difficult to assess because they all largely interact, such as the various
family characteristics (father' s occupation, parental education, size of
f amily, etc.); innate ability and also, of course, the number of places
available at the different levels and branches of education.*** There
can be no doubt that the monetary and non-monetary incentives prevail-
ing - and anticipated - in the labour market play a role in shaping and
directing the social demand for education. Private rate-of-return cal-
culations can give us a clue in how far the social demand is being in-
fluenced by monetary incentives, but by those alone. Quite clearly,
therefore, manpower forecasts have to be accompanied not only by social
demand forecasts, as mentioned already above and taking account of
the factors just mentioned, but also by a careful analysis of the incen-
tives at work in the labour market.

c) Coming back to the problem of the salary structure, one way of
introducing this explicitly into an analysis as the one undertaken in the
present study might be as follows:

Let: Wk be the index of the average salary level for persons in
educational category k (average salary level of total labour
force = 100);
Wik be the analogous index at the economic sector level;
Wjk be the analogous index for persons in occupational category
j with education lc.

It would then be interesting to examine whether systematic changes
can be observed in the value of those indices when countries at equivalent

* The standard work on the subject is G. S. Becker's Human Capital. A theoretical and empirical

analysis, with special reference to Education, Princeton University Press, 1964.

** See Mark Blaug, "The Rate of Return on Investment in Education in Great Britain", The

Manchester School of Economic and Social Studies, September 1965.

*** For a general discussion of this question, see C. Arnold Anderson, "Sociological factors in the

Demand for Education" in Social Objectives in Educational Planning, OECD, Paris, 1967. For an illustra-

tion on the national level, see the Robbins Report on Higher Education, Appendix One, Part II: "Factors

influencing entry into higher education". See further various background papers prepared for the OECD's

Conference on Policies kr Educational Growth (June, 1970).
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levels of development show considerable differences in the sizes of
their occupational and educational categories.

Lk/L

x/L

For example, if D is the regression line giving the bes4 fit between
X/L and Lk/L, and W1 is the salary index for Lk in Country A with
productivity level a, then it would be of interest to see whether for coun-
tries B and C with the same productivity level W2 < W1 and W3 W1'

Here again, D does not necessarily constitute an optimum situation
but may nevertheless be taken as one of the criteria to determine the
shadow prices to rectify the salary structure in view of rate-of-return
analysis.

The above type of analysis would enable us to obtain a precious
insight into the impact on relative salary differentials of what we have
called the educational supply effect. A knowledge of this impact is
necessary if rate-of-return analysis is ever to become a serious fore-
casting instrument.

2. INTERRELATIONSHIPS BETWEEN
THE EDUCATIONAL PROCESS AND
THE ECONOMIC-SOCIAL PROCESS

We will now widen the perspective even more and try to look at this
study from the point of view of educational planning and policy. The
earlier, rather sterile, debate about "approaches" to educational plan-
ning is characterized in a passage of the Robbins Report on Higher
Education:

" In principle, the problem of estimating the number of places
required can be approached in 'wo ways: by considering what supply
of different kinds of highly educated persons will be required to
meet the needs of the nation, or by considering what the demand for
places in higher education is lf kely to be. We have decided that the
second approach presents the sounder basis for estimates.
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We have found the first approach impracticable. For, while
it is possible, for a number of professions and over a short term,
to calculate with a fair degree of precision what the national needs
for recruits will be, we have found no reliable basis for reckoning
the totality of such needs over a long term. ( ) Here we
would only emphasize that, although we have not made national
neec's the main basis of our estimates, this must not suggest that
we Lave any doubt of the value to the country of a greatly increased
stock of highly educated people and of the absolute necessity of a
great increase in the present provision of places in higher educa-
tion if this country is to hold its own in the modern world. "*

This pe 'ect example of mutual exclusive approaches (in this case
between _he )-called social demand and the manpower needs) is now
making place for a more integrated, subtle and probably more realistic
approach, concentrating on the interrelation between supply of zraduates,
occupational choice, salary structures, etc., as was already suggested
in section 1 above. In the past the impression has sometimes been given
of an uni-directional sequence of events between social demand, man-
power neAs and earnings. Clearly, the direction is not unilateral, but
there is a mixture of autonomous development on the one hand and c6n-
tinuous feedback of each of these variables on each other on the other
hand. One of the more interesting aspects of the preceding study is to
have pointed to some of these features and to have demonstrated their
existence. What have been called in this Report the educational push
factors reflect an autonomous development of the education system (au-
tonomous relative to the economic and technological process, not relative
to sociological and psychological factors, see below). These educational
push factors may result in changes in the occupational choice of school-
leavers and graduates and thus on the educational profile of occupations
and sectors. This phenomenon was illustrated in Chapters XII and XVI
of this Volume.

It is the above mechanism coupled with the very important educa-
tional expansion of the last 15 years - which is bound to continue in the
future - which has led certain people to talk about the spectre of over-
supply of qualified personnel. The usual caveat in this kind of reasoning
is that it is based on the present occupation - education relationships,
whereas - as has been shown in this Report and as can be observed in

those countries which have time-series available - these relationships
vary not only according to the level .of economic-technological develop-
ment, but particularly to the level of educational development.

The above considerations do not necessarily mean that, whatever
the development of the educational system as compared with the occu-
pational shifts that take place through the economic and technological
development, no problems are likely to emerge and that no active inter-
ventions will be necessary. One of these problems may very well be
the important individual frustrations caused by changes in the occupa-
tional "choice" of graduates which may also have an impact on the per-
sonal income distribution of groups with different levels of schooling.
Such a development may stimulate in turn the discussion about diversi-
fication and restructuring of tertiary education.

At the very least, therefore, and as was already implicit in the
discussion presented in section 1 a this chapter, the implications of

Robbins Report, op. cit., p.
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given educational policy on the occupational choice and on relative
earnings should be analysed. This would still imply doing many things
one has been doing during the 1960' s - such as forecasting "social de-
mand", occupational structures, and even -7 le personal income struc-
ture- but without the rigidities inherent in --le one-way analysis. How-
ever, the kind of planning framework one L ould really be moving
towards would bring explicitly into the pictire the three followiflg sets
of variables:

i) characteristics of the population )efore entering the education
system, such as social and regica1 origin, I. Q. , education
of the father and mother, etc. ;

ii) school and teacher variables, an.s1
iii) what happens to the individuals 7 ce they leave the educatica_al

r;Irstem: occupational choice, o upational mobility, earnirls,
etc. Such an approach would, aerefore, be concerned with
the dynamic interrelationships etwe en ''ability, opportunity
and career". A certain number of major studies have appeared
during the last few years, which highlight a series of issues
with respect to how people learn, how their learning is trans-
lated into productive activity, how ability and home environ-
ment interact with schooling in the formation of competencies
and how far schooling contributes to earning power as compared
to other relevant factors.*

During the past period of educational growth a number of studies
have been carried out concerning the various aspects of the educational
system in the economic and social context: cost-benefit or rate-of-
return studies; educational participation analysed by social: groups;
studies of the occupation-education relationships as presented, for ex-
ample, in this study, school characteristics - achievement studies of
the type mentioned above; studims of levels of expenditure and sources
of finance, etc. It is time to trt to put these pieces into some sort of
order so as to establish what it 'is one knows and does not know aboUt
the relationship of educational processes to the level and distribution of
income, and to other social and economic features of a country. Are
there not, for example, some necessary relationships between the rates
of return findings, the distribution of income and the shifts in the educa-
tional distribution of the population and the labour force ?

The above appears to be the wider framework of analysis of which
the various bits and pieces done so far - including the present study -
is only a part. It is this wider framework one should be moving to in
the future. Such a more comprehensive approach would also be much
more relevant to the decision-makers.

3. EDUCATIONAL PLANNING AND DECISION-MAKING

One of the more striking facts of the past decade has been the virtual
absence of the decision-maker from the "educational planning" process.
This has resulted in a rather "passive" attitude of those responsible for
e:ilzcational planning. The educational planning documents that have

4:c Icn an approach is under study in the Centre for Educational Research and Innovation of the
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appeared in the 1960' s have mainly concentrated on extrapolating easily
quantifiable variables supposed to reflect the external pressure on the
educational s-stem, supplemented at best by a more or less rudimentary
analysis of -tL educational system itself. The dynamic interrelationships
between the T--_rious :forces at work - in the sense outlined in the first
two sections _ this chapter - have hardly ever been examined with any
degree of deta,:i and/or sophistication.

This has led to a paradoxical situation: on the one hand we have
seen a prolife ation of long-term educational forecasts concentrating
on very few gbbal and quantitative factors, such as total enrolments,
number of graduates and school-leavers, total educational expenditure,
etc. Demog:2aphic forecasts and, sometimes, a manpower forecast
constitute the guideposts with respect to the economy and the society
in general. On the basis of such forecasts, decisions are sometimes
taken as to the number of places to be provided in the education system,
as well as concerning teachers and other resource input implications.
On the other hand, and at the same time, more qualitative changes are
being introduced, such as the trend towards comprehensive education
in many countries, curriculum reforms, technological changes in the
narrow sense of making education more capital intensive, etc. These
changes are introduced to meet a variety of objectives, which are some-
times not even made explicit. It is not always easy to find out how far
the actions undertaken are consistent with the objectives and among each
other, what their major future implications are likely to be both in and
outside the education sector, and what the role of the above-mentioned
quantitative forecasts has been, if any, in shaping these decisions. They,
moreover, have rarely attached to them even a minimum of consequential
analysis to assess their major future implications. Instead of one world
in which planning is a rationalization technique for decision-making, we
have been faced with two worlds, one busying itself with planning ap-
proaches, the other with taking decisions.

What have these general considerations to do with the substance of

the preceding study ? The answer to this question is twofold. In the
first place forecasting only the occupational and educational structure
of the labour force it; of no policy relevance unless one has decided to
gear the educational system mainly to the economic requirements. If

this is not the case, the question becomes: where do we want to go with

our educational system and if we decide to go in a certain direction what
are the implications both for the education system and for the society
and the individuals that compose it ? This throws the main responsibili-
ty into the lap of the educational decision-maker and the educational
planning activity should go beyond the quantification of objectives and

consist of exploringthe consequences of alternative educational policies
on at least the range of variables outlined in section 2 above. The, pres-
ent study has shown the important independent effect education expansion
patterns have on the occupational choice of graduates. In this sense it
has clear relevance to the problem discussed in this final chapter. In

this sense also it may have made a modest contribution to letting educa-
tional planning come of age.
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Part Se11

COMMENTS ON OECD STUDY

A first draft of the preceding study was discussed
by a group of critical friends. Four of them were
kind enough to write up their impressions. This sev-
enth and last part of the present volume contains
their contributions. The papers are, of course, pub-
lished under the responsibility of the respective.
authors. The secretariat takes this occasion to thank
them for their constructive criticisms. Attention is
drawn to the fact that all references in the following
papers refer to the first draft of the OECD Study
(ref. no. DAS/EID/69.16).



EDUCATION AND MANPOVIE 71ANNING REVISITED

by

Mary Jean BOWMAN

Over the past decade there has bee- a proliferation of endeavours
to relate education, productive skills, a_--td economic development, along
with schemes to plan human-resource formation in line with economic
development goals. Though it is generally agreed that economic growth
is a basic societal goal in the realization of which education plays a
part, there is less agreement on what kinds and levels of education con-
tribute, and in what ways, or under wha: circumstances, to growth.
Again, few would challenge the belief tI. government must be involved
significantly in education, or that educ=7_onal policies should be worked
out "planfully". The near-universal agr,ement breaks down, however,
when we come to particulars such as wt_o or what agencies should plan
this or that aspect of education, to wbat purposes, on behalf of whom,
and in what ways. There are comple::: relationships among education,
productive skills and economic deveL:Toment, and many thorny philosoph-
ical issues surround education; in ac -on there is diversity among those
who work in this area with respect t, ,Ickgrounds in economic training
and bureaucratic experience. It is, t_en, hardly surprising that dialogue,
where it has occurred at all, has bee:: 2haracterized by large elements
of "non-communication". OECD has seen one of the participants in this
"non-communication", but it has also, and increasingly, acted to
enhance effective interchange of views.

It is against this background that I have interpreted the invitation
to write a dual commentary on (i) the foregoing study of "Occupational
and Educational Structures of the Labour For--..te and Levels of Economic
DevelopmenC(hereafter referred to as the Report), and (ii)to range
more widely over the history of the economics of education with special
reference to its implications for human-resource-development planning.
In order to maximize communicati, I decided to merge my commen-
tary on the Report into the broadei sis as far as possible.* This
can be f- 'Ff1 1 because of sever2: ch ristics of the Report:

a) The Report is concerned not refinements of techniques but
rather with basic factor input and outp_ I 2elationships in association

* Comments on details were provided inf=ii- 'hey are not repeated here except as they
are illustrative of a point of more general interest.
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with levels of economic attainment, seen especially in their implications
for educational planning and for manpower-development strategies. So
are these comments. Refined assessments of particular techniques or
computational models claim attention only if they clarify a fundamental
point about economic analysis or the logic of planning.

b) The Report provides an orderly and unbiased empirical cross-
country analysis of relationships that have been widely discussed and
debated and are highly relevant to educational and manpower planning.

c) The Report nevertheless retains features of the initial "man-
power-requirements" orientation that marked OECD activities. That
point of departure is evidenced in the questions asked (and in some of
those omitted), in the way the statistical analysis has been set up., in
what the authors find "puzzling" (or, for that matter, what they find non-
surprising), in what they take note of as "hopeful" or "unfortunate", and
even in the ways in which they express themselves. Read from a differ-
ent perspective, the Report thus illustrates differences in ways of think-
ing and exemplifies some associated problems of communication.

d) The authors have sought genuinely to relate their work, in
some degree at least, to those who have other starting points or other
orientations. Their efforts in this direction., though limited, provide a
useful entry to discussions of important problems, modes of analysis.,
and kinds of potential manpower strategies that have commonly been
ignored (or distorted) by more conventional manpower planners.

The most important matters that the Report does not touch upon.,
lacking in much of the work done by economists with other approaches
as well, concern the dynamics of economic development: the distinc-
tively dynamic contributions of education to development; the extent and
implications of continuous skill obsolescence; and the entire logic of
decision-making under uncertainty (whether societal or individual).
Although these matters are pertinent on all topics - the last of then,
lying at the very centre of planning processes - with minor exceptions
I rhall defer comment on dynamic processes and uncertainty to the last
section of this essay, for the moment stressing only that projection of
a rising demand for skilled manpower (for example) is not in itself
analysis of the dynamics of development.

1. PERCEPTIONS OF ALTERNATIVES AND ELASTICITIES
OF SUBSTITUTION

The Elementary Logic of Planning

If there is no room for choice, there is no room for planning;
planning is the deliberative choice among alternative actions. To the
economist who has made neo-classical economics and decision theory
his starting point, finding his intellectual home more readily among the
human-investment theorists than among the manpower-requirements
projectors, decision-making is not only the heart of planning; it is the
heart of economics as a behavioural science as well. "Planning" is
something that is going on continuously, at all levels in a society, when-
ever men deliberate concerning the future effects of taking one line of
action rather than another,* To such an economist - and this is where

* See the discussions of the nature of planning in C. Arnold Anderson and Mary Jean Bowman

(1964) and Y. Dror (1963).
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I must count myself it is extremely difficult to understand how anyone
can think about planning without explicit recognition of the notion of
"opportunity cost". All costs of an action are, in their very nature, the
value (monetary or non-monetary) of the most desireable alternative
that is given up or "foregone" in opting for the alternative chosen.*
Nevertheless, it was only a few years ago that a battle raged over the
idea of considering foregone earnings of pupils as a cost of schooling;
even today the economics of this matter has eluded the notice of a fair
proportion of presumptive "experts" in cost analysis, and opposition has
not entirely disappeared. Given that the logic of the opportunity-cost
concept in planning seems as self-evident to some of us, and indeed so
important and unassailable, what can explain persistence of this argu-
ment and/or neglect of opportunity-cost logic. Sheer ignorance aside,
in my judgment it is attributable to one or both of the following

a) semantic confusion concerning the nature of the "cost" concept
and its uses, and

b) differences in perceptions concerning the nature of empirical
alternatives open to the central planner and associated differ-
ences in pragmatic judgments concerning the feasibility of
valid opportunity-cost estimation.

This is not the place to elaborate on (a) beyond reiterating that
inherently the cost concept, which refers to what is given up or foregone,
is inappropriate to the measurement of what people produce; aggregation
to estimate national income at factor prices is an imputed "value"
accounting, not a "cost" accounting.**

Differences of type (b) are another matter, however, and they are
highly relevant to ways in which men approach planning. Those who
start from the assumption that there is little room for substitution among
productive factors (at any given level of technology) are prone to dispense
with pricing altogether*", and thereby with estimates both of benefits
and of opportunity costs. Instead they turn to "quantitative planning"
with emphasis on technical feasibility and consistency: is it physically
possible to carry out a particular "plan or will physical constraints
block its realization? Even when they start by asking whether elasticities
are in fact as low as had been supposed, they tend to pose questions in
quantitative terms, without making use of wage data or market analysis.
This mode of thinking is exemplified in the Report. By contrast, those
who start from decision-theory economics are much more inclined to
incorporate market adjustments and pricing in their analysis of man-
power utilization, as well as in the "explanation" of investments in
human beings and the determination of supplies of skills. Furthermore,
they proceed in this manner even when exploring or working with situa-
tions characterized by very low elasticities of substitution.

* For analysis of this concept and its interpretation in the context of public decision-making see
Bowman (1966).

** This argument is presented in Part II of Bowman (1966). See also the comments and rejoinder
at ihe end of the symposium (p. 689-703).

*** Note, however, that these same people usually make use of monetary measures of national
income Such measures can have meaning only to the extent that the valuations of their components
(from which tney are cons;ucted) have some degree of legitimacy. Furthermore, monetary national
income estimates entail aggregations that treat marginal valuations as if they were identical with mean
values, and they count the rich man's dollar as "worth" the same as the poor man's dollar; these implic-
it assumptions go much further than anything required in the use of pricing for empirical analysis of re-

source, allocation and factOr substitution.
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Fixed Coefficients and the Scope of Choice

The retreat from fixed-coefficient assumptions and notions of "fit"
that has appeared in recent empirical work in OECD* (and in other
sources as well) should mark the end of the polarized "battle of the
approaches" on that issue. But even with some empirical "rapproche-
ment",where men start from and the models and ass.amptions they use
as first approximations will continue to make a very substantial differ-
ence. Moreover, while associations between methodological starting
points and political presuppositions are not inevitable, neither are they
altogether accidental. To think systematically about the basic aspects
of recent efforts to plan human-resource development, or at least to
approach this problem "planfully", it is necessary to see the models and
the arguments in a context that recognizes distinctive modes of thought.
A simplif ed delineation of such patterns is laid out in tabular form
below. I :cake no apologies for returning to a broad dichotomization;
that dichotomy is unquestionably very real, even though there are also
convergent elements and cross-overs by a few individuals who have
worked from more than one orientation and frame of reference.

The first two rows specify types of analytical models and relation-
ships of those models to planning. Looking behind the more sophisticated
modern techniques (and associated precision in specification of models
such as those to which row (1) refers), we see the double heritage in
economics, going back as far as the mercantilists on the one hand,
Adam Smith (and Condorcet) on the othet-. Equally clear, in the less
remote background, are associations between types of models and their
elaboration predominantly in the interests of national-income account-
ing and centralized planning on the one: hand,behavioural study of market
systems on the other. It is no accident that the fixed-coefficient models
and "quantitative planning" have appealed to central planners; they are
the most convenient simplification for this purpose. Oscar Lange's
Economic Theory of Socialism**was a beautiful abstraction, and totally
consistent with the inherent abstract logic of benefit/cost analysis; but
political, considerations aside it was quite impracticable of application
to detailed central planning by men with something less than omniscience.
The logic of benefit/cost analysis is matched by its pragmatic useful-
ness, however, when central planners are more modest in the scope
and detail of their plans, and content in greater degree to let the market
system take on a share of the task. This presumes that individuals
exercise some degree of rational judgment in their choices, and plans
modify those choices primarily by altering the decision parameters for
individuals and institutions - as in subsidies of varying amounts to one
or another kind and level of education.

*A systematic evaluation of arguments and evidence concerning degrees of association between

skill mix and levels of economic development, and between education and jobs, was presented in my

paper for the Lake Mohonk Conference, at which social scientists from various backgrounds were brought

together by the International Association for the Evaluation of Educational Achievement (in May 1967).

I shall not repeat that anaiysis here, See Bowman (1967).
**Lange (1938). This model was an attempt to provide simultaneously for equality in the distribu-

tion of incomes (or distribution of incomes according to "need") and freedom in the expression of indi-

vidual preferences - all through a beneficent system of social accounting and central control of productive

resources. The subsequent shift in Lange's position is of course well known.
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I chose, in laying out the tabular summary, to stress as prime
distinp;uishing characteristics the fixed-coefficient versus the more free-
floating, neo-classical assumptions about underlying economic structures
for two reasons; first, the distinction between assumptions with respect
to substitution elasticities is in itself philosophically neutral, and
investigation of the empirical evidence on this matter is a principal
reason for the Report. Second, and equally important, if technical c&n-
straints were in fact very rigid, direct market pricing (and costing)
would be of very little use in specifying critical parameters for public
policy or central planning decisions; this is the case that has been argued
for "quantitative planning?' (and also, in part, for the aggregative deri-
vation of shadow prices through dynamic linear programming or related
techniques). IT? one has ever supposed, however, that all production
coefficients were so fixed as to preclude alternatives among which to
make choices. In fact manpower planners introduce a considerable range
of cho'ce into their models.

For one thing, many skills that the neo-classical economist would
distinguish as different, with varying degrees of substitutability in
production, will not be distinguished at all in pragmatically defining the
elements of an input-output matrix for manpower planning purposes.
The effect is to assume perfect (infinite) elasticities of substitution
among the skills classified together as against zero elasticities of sub-
stitution between skills put in different categories. The Tinbergen-Bos
model*illustrates one extreme in this respect, with its categorization
into just three educational attainment groups between which there is no
substitution at all, but within each of which there is an implicit infinite
elasticity of substitution. Usually the categorizations in manpower
planning models are more numerous (especially when classified by
occupations or sectors of the economy, but also to include types of
schoolings); however, the sharp dichotomization of the within- and the
between- category elasticities are not altered thereby. This simplifying
technique is specified in the manpower columns of the tableau in row (3),
referring to "treatment of demands for skills". It should be noted,
however, that the basic principle of classification of factors into groups
within which it suffices for a particular problem to assume perfect
elasticity of substitution, whatever the elasticities of substitution between
groups, is in no way peculiar to manpower and related models. The
authors of the Report approach this way of looking at things in occasional
comments concerning whether men with different amounts of schooling
are "substitutive" or "complementary'', and concerning some implications
of complementarity both for manpower planning procedures and for
methods in analyses of contributions of education to growth in national
income. Their criticism (see, e. g. pages 9 and 42) of the conventional
procedure of aggregating educational components of human capital using
a perfeet substitutability assumption instead of considering men (and
women) with different amounts of schooling as separate kinds of inputs
is, in my judgment, well taken.**On the other hand, the phrasing of

*See Jan Tinbergen et al. (1965).
**I argued this point in particular in Part II of my paper on "Principles in the Valuation of Human

Capital", presentedat the 1967 meeting of the International Association for the Stuuy of Income and

Wealth. See Bowman (1968).
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that criticism as presented in the Report is such that it fails to show
the basic generality of the argument, and its independence of fixed-
coefficient accounting.*

Another route by which the fixed-coefficient models escape deter-
minism is by their assumption that particular skill mixes are required
for particular "levels of technology' , the very essence of manpower
planning consisting in provision of a skill mix that will satisfy the
'requirements' of a projected higher level of technology (or of income)

in the future. Furthermore, if' "technology" is defined not by some
over-all indicator (which has frequently been simply a per capita income
measure or, rarely, some indicator of physical capital as a whole),
but rather in detail, the specification of "skill requirements" for reali-
zation of a given economic plan becomes just one stage in an iteration
procedure in which technologies are baing juggled to reach national
income goals or, if possible, to raise the feasible targets.**And if' we
turn all this around, as Yugoslavian planners have usually done, to ask
what will be the effects of alternative human-resource-development
policies (along with other actions) on the growth of national income, the
basic logic of decision-making, and with it of opportunity costing, comes
back 4nto focus. This is a re-orientation that I miss in this Report.

Finally, a wide range of alternatives is opened up once allowance
is made in an input-output, fixed-coefficient model for changes in the
final-product mix. This seems so obvious on the face of things, I wonder
that is has not received more attention in the argumentation about
economic structures and factor substitutabilities, and the meanings of
empirical evidence on these matters. The analysis by economic sectors
presented in the Report is relevant, but implications of the differences
among sectors for over-all manpower planning are not drawn. Moreover,
the authors of the Report do not discuss the importance of variability
and hence flexibility in product mix within major economic sectors. Is
the omission of any such discussion one of the results of the initial
orientation that stimulated the OECD work, including its self-evaluation?
Evidently if the same per capita national income can be realized with
quite varied mixes of final products, and if the production coefficients
differ w4.:h the nature of the final product, this must have implications
for the whole notion of estimating"manpower requirements".***I leave

* Finis Welch has given special attention to the problem of determining which skill levels (mea-

suring "skill" by schooling) should be distinguished as different in kind, which could be combined (given

proper value weights) in a single classification within which there would be no major distortion in as-

suming perfect elasticities of substitution. His methodology is ..rery different, however, relying as it does

on marginal productivity analysis. See Welch (19'70).
** This comes up at a number of places in the Report, though always incidentally; I miss a system-

atic analysis of what is involved. Thus (page 11) the authors of the Report refer to Layard's complemen-

tary assumption but fail to note that the phrase "as soon as the level of technology is fixed" is critical. As

Layard uses the phrase, I would argue that it is also essentially untestable, since it is always possible to

argue that seeming misfits are attributable to mis-specification. One can ask how far, in Layard's theoret-

ical formulation, it is appropriate to speak of a "level" of technology, how far rather he is referring to

kinds of technology and the mix of those kinds. Cross-country data present problems that are partially

avoided when using longitudinal data for a particular country so far as this problem is concerned.

*** Men who start with fixed-coefficient models not merely as convenient first approxi.nations in

dealing with complex problems, but virtually as axioms defining the nature of economies have argued that

findings of loose relationships between skill mixes and levels of national income (or rates of economic

growth) merely reflect faulty data, poor specifications, and inadequate refinements. However, it is dif-

ficult to see how perfecting the data in detail, even if we then observed tight relationships between par-

ticular outputs and inputs, would yield unambiguous specifications of skill mix for the entire economy. More-

over, it is improbable that results would be so tidy, short of definitions that gave such results tautologically in

the ways in which inputs and outputs were specified.
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the answer to this small puzzle in how men think to the writers of the
Report, who have shown themselves to be open to examination of such
matters .

2. SUPPLIES OF SKILLS AND ADJUSTMENTS
BETWEEN DEMANDS AND SUPPLIES

Three criticd differences between manpower planners and human-
investment occnorn.sts that have already been noted in the first two
rows of the tablc are their degrees of concentration on planning ver-
sus an analysis of economic systems, on central planning versus project
evaluation, and on a-Therence to quantitative measures versus pricing
(whether for planning or for explanatory analysis). Associated with
these contrasts are marked differences in treatments of determinants
of skill supplies and of problems of human resource allocation and uti-
lization. By the same token, the two modes of thinking have led to
quite different approaches to the meaning of "waste" and to quite dif-
ferent emphases in judging the success of the planning effort. The test
of a good manpower plan will be its consistency ex ante and the accu-
racy of predictions viewed ex post - both in the context of a total eco-
nomic plan. Waste and malutilization seem to be identified with
unemployment or underemployment of a man's skills (though I have
some difficuLly with understanding manpower thinking on this one). Less
concerned with over-all central planning at a detailed level, the human-
investment theorist will apply less stringent tests of "consistency",
but will insist on the incorporation of benefit/cost estimates (and cri-
tiques of them) in the development of the plan.

Several themes command our attention in this context. First, I
shall comment on the treatment of determinants of skill supplies and
the importance of insights derived from human-investment theory for
the ways in which the nature and loci of learning are perceived. This
has extreme importance to manpower planning, and I shall come back
to it, in connection with uncertainty and flexibility, in the last section.
Second, I will digress briefly to comment on a fallacy in interpretation
of "evidence" that seems to stern from a mechanistic view of shortage"
and "waste" together with a neglect of attention to the determinants of
skill supplies. A third discussion is concerned with the treatment of
market adjustments between demanis and supplies in the allocation and
utilization of skills, and how this issue is handled. Finally, I go on to
some remarks on how modes of thought have affected the treatment of

"productivity" , views of job mobility, and of what is regarded as
"fortunate" or the reverse in empirical findings such as those presented
in this Report.

Treatment of the Determinants of Skill Supplies

It might be presumed that analysis of factors that determine sup-
plies of men with various skills would be essential to intelligent man-
power planning, and this indeed has been recognized. But the starting
points of the fixed-coefficient and the human-investment models in
approaching this aspect of planning have been very different.

The fixed-coefficient manpower models require, for assessment
of the feasibility of realizing requirements projections, an analysis of
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constraints on prospective flows through the educational system. The
bare bones of such an analysis concentrate simply on the logistics of
the process, with special attention to teacher bottlenecks; this is
essentially the Tinbergen-Correa model, though later applications have
been more complex. Others have gone further, to take into account
pressures of "social demands" and effects of catering to those demands
for places in the system. "Social" demands in this particular semantics
refer, of course, to private demands.* In either case, with or without
consideration of "social demands", the factors determining skill supplies
are treated as exogenous; there is no consideration of effects of antic-
ipated returns on investments in schooling or, by implication, of
economic demands of a society for qualified human resources.

In marked contrast, the human-investment theorist builds antic-
ipated wage differentials into his explanatory models of individual behav-
iour withrespect to schooling. Putting this another way, he has been
concerned directly with comparisons of costs and benefits in the making
of investment choices, whether he is using his model for the analysis
ofbehaviourand market adjustment or for the assessment of societal
benefits and costs associated with one or another educational policy and
human resource flow. In a first approximation he evades some of the
problems that are central to the manpower planner's approach by a
preliminary assumption of infinitely elastic demands and/or (and either
alternative will save him), a shift in demand over time sufficient to
neutralize any depressing effect of increased numbers of college grad-
uates (for example) on their earnings. The next step has been in a man-
power direction, experimenting with dynamic linear programming and
related devices to derive shadow-prices for the construction of expected
benefit streams from investments on an extra-marginal .F:ale. How-
ever, no matter what use he makes of manpower planning tools or ele-
ments in manpower planning models, the benefit/cost element remains
central. And back of this, the related interpretation of economic
processes incorporates determination of levels of investment in human
resources as an endogenous variable in the system. Supplies of educated
people are "explained" in part, at least, as responses to anticipated
demands for their skills together with the costs of acquiring thr educa-
tion; government enters in as it reduces private costs by subsidy and
as it may constrain access to some (or all) types of training.

The authors of the Report quite properly set aside the theoretical
and empirical applications of investment theory in the study of deter-
minants of supplies of educated persons; to include more than their
brief remarks on this work (and its use of wage and price data) would
have been to take on a second major task. However, they reiterate
repeatedly the identification problem in using cross-country data to
analyse relationships between education and income - a problem equally
severe in aggregative analysis with longitudinal data for a given country.
This problem is put neatly on page 154: "Whatever indicator may be
used to measure the level of development, does it result from the level
of education of the working population, or is this level of education a
consequence of the level of development attained?" Evidently the answer
must be both; this is a classic example of a problem calling for use of
a simultaneous (or possibly recursive) system of equations. This, the

* Presumably this usage of the adjective "social" found its way into manpower parlance pri-
marily as the expression of a belief that demands of individuals for education were predominantly non-

economic,
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authors of the Report did not do initially, despite references to "simul-
taneous" analysis. However, it is my understanding that they have
since been experimenting with a recursive model suggested by Malinvaud.

The concentration of human-investment analysis on the parameters
of educational investment decision, which includes examination of the
implications of shapes of anticipated life-income streams, has supported
an increasing awareness of and sophistication in analysing the nature
and loci of education and training assessed in economic terms. Whereas
the manpower planners have dealt primarily with training in schools
or with formal programmes elsewhere, human-investment theory has
brat. ht a renewed emphasis not only on learning through experience
(which was emphasized by Strumilin in his famous 1924 article), but un
the conditions that foster such learning, and who incurs what part of
the costs and the returns on "investments" in this sort of human-resource
development. The quantitative importance of post-school learning and
its complementarity with amount of schooling can depend in critical
ways upon the institutional structuring of lahour markets, however. Con-
siderations such as these must lie taken into account before the data
presented in the Report can begin to be understood.

* *

A DIGRESSION ON THE REPORT AND THE NATURE OF EVIDENCE

Although the Report unquestionably had its reason for being
concerned about manpower planning, its main content is descriptive of
labour force patterns across nations and across levels of economic
attainment. With occasional exceptions, I have chosen to omit comment
on statistical methodology and the characteristics of the equations used*;

* One error that is repeated at several points in a fallacious argument concerning selection of

dependent variables and their inter-relationships must be noted, however. The authors set up the follow-
ing in several places, but an example is on page 206 of the original manuscript. (I simplify to disregard

their unnecessary conversion to percentages).

1. log(Ljk/L)-= log ao + al log (Lj/L)

2. log(Ljk/L0= log 1)0 +131log (L.i/a

3, By virtue of the definitions of these terms, we have the identity:

Ljk/ a (Ljita) (L/Lj)

and

4. log (Lik/Lj).-.--= log (Ljk/L) - log (Lj/L),

The authors of the Report then substitute the equation 1 Li the identity 4, corning up with

the bastard result:

5, log (Ljk/Lj)= log ao + (al 1) log (Lj/L).

But note that if the analysis is constrained to fulfill the conditions of the identity 4, it
necessarily follows that bo cannot be a constant as in equation 1. Instead it is necessarily a variable.

and in fact is identical with log (Lik/L). Similarly, the identity would require that log ao be a

variable = log (Ljk/Lj), and the coefficients al and b
1

under these circumstances must be +1 and -1

respectively. I am not objecting to the equations 1 and 2, but it must be recognized that the Report

does not use a system of equations that are specified to be mutually consistent.
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these matters will almost certainly be well covered by other commen-
tators. However, what the authors seem to regard as "evidence" on
the important subject of substitutability between skills (different levels
of embodied education) illustrate fallacies that call for comment because
they recur in the work of many manpower requirements specialists.*
A particularly unfortunate example is the statement on page 332 of the
Report:

"Barring :hen a few rare exceptions, graphic analysis cannot explain
by substitution effects the modiocre correlations noted between the
sectoral education coefficients and economic indicators. In other
words, few indeed are the countries "overeducated" at university
level which are "under-educated" at secondary level, and vice-
versati.
There are at least two serious fallacies in this statement. First, if

the data cannot "explain by substitution effects'', neither do the data
or the analrsis support the contrary proposition - quite aside from the
fact that a 'few" countries make up a considerable proportion of a
small sample. Second, the whole notion of what is over - and what is
under-supply seems to be derived mechanistically from regressions.
There is no criterion by which one alternative is compared with another
under the relevant circumstances of a given country. For example, the
abundance of human relative to other resources in Japan, and the asso-
ciated low social cost of educating Japanese, finds.no place in this
analysis.

Elsewhere, authors of the Report appear to have based their con-
clusion that different _evels of education are not "substitutive" on the
observed fact that generally countries below the regression line on
university education, for example, will be below it on secondary edu-
cation also, and vice versa. But whatever the true situation with regard
to skill substitutabilities may be, such a statistical test is not a valid
one. It takes no account of the fact that factors explaining a high rate
of attendance in universities may be closely associated with those
explaining large proportions with secondary schooling. This slip is
curious in view of the emphasis the authors put on -ects of supply
as well as demand" in determining observed relationships between edu-
cational characteristics of men in one or another occupation (or economic
sector) and a country's level of income.

Skill Allocation and Utilization

The sorting out of effects of educational supply versus manpower
demand on the distribution of skills by occupations or sectors of employ-
ment is a task to which the authors of the Report devote many pages,
and they have made a useful contribution in doing so. Nevertheless,
despite the very large output of equations to explain statistically one or
another aspect of the composition of thelabourforce, at no place did
they even mention the possibilities of analysis that would take account
of relative wage rates. The lack of an underlying analytical framework
with respect to adjustment processes inlabourmarkets leaves the
authors without a basis from which to predict or to interpret many of

* The conclusions are not what is at issue. Indeed, I have already indicated my support for the

authors argument that men with different levels of education should probably be treated as separate kinds

of "inputs" in analyses of contributions of education to income growth.
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their observations. The high income- elastj.2ity of proportions of better-
educated people in sales occupations is a clear example of a pattern
that should have been anticipated but that seemed to puzzle the authors.
Even at the end of the documents, where thE: authors do introduce
comments about using wage data in connection with the decision-theory
models of determinants of investment in human beings, there is no hint
of interest in considering experimentation with equations that would
incorporate wage variables in analysis of processes of skill allocation,
or examination of the effects of supplies of other resourc es on the
economic soundness of further investments in the formation of human
skills. The lack of empirical analysis utilizing wage data might be
attributed to difficulties in obtaining such data and to the sheer magnitude
and complexity of the analytical task. However, the lack of any discus-
sion of this matter despite the elaboration of detail concerning labour
force composition and allocation is not so easily dismissed. It becomes
understandable only when seen as a reflection of the initial orientation
to the fixed coefficient, manpower planning viewpoint. The disregard
of allocative processes means also that the basic logic of planning, as
an assessment of alternatives, tends to be lost from view.

The Treatment of "Productivity"

The fixed-coefficient view seems to be associated quite naturally
with what looks to the human-investment economist as a very odd, even
if not an incorrect, way of looking at productivity. In the perspective
of manpower-requirements forecasting, an anticipated rise in produc-
tivity is a datum of the problem, and if productivity increases fewer
men (of any given skill category) will be "required" to meet the targets
of a plan. The why's of the productivity increase are not considered;
productivity change is taken as exogenous at least in the sense that it is
treated as if it were independent of skills, and it reduces demands for
skilled as well as unskilled workers. In sharp contrast, the human-
investment theorist approaches productivity the other way around. Ed-
ucation raises the quality of labour, and hence its productivity. But if
a larger proportion of educated people is a factor (with others) in
explaining productivity increase, the realization of that higher produc-
tivity cannot be regarded as a reason for reducing estimated numbers
demanded. Rather, the question becomes whether the increase in
productivity is sufficient to match the cost of producing the skills. Back
of these contrasting views we find substitution and factor-demand elas-
ticities once again. If he adheres to his inelasticity assumptions, the
conventional manpower planner will suppose that demand may shift
substantially but will remain highly inelastic; a downward adjustment
in projected numbers required will be important if his plans are not to
lead to serious over-supply and unemployment (or grossly wasteful
employment) of trained men. The human investment theorist, who would
plan to leave more of the planning and decision-making to individuals
in the first place, is more likely to assume comparatively elastic de-
mands, with a greater flexibility in adaptation of the economic system
to the mix of productive capacities available in thelabourforce. Such
being the case, the increased productivity of better educated persons
will be diffused through the system and there need be relatively little
concern aboct serious over-supply of skill. From this perspective, the
treating of pro.:ortions of all workers who are engaged in a particular
occupation(and also have i particular amount of schooling) as a dependent
variable in equations in which the one and only independent variable is
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national income per worker seems a reversal That way of setting up
the equations is a natural enough outcome of the manpower orientation
and a reasonable enough procedure given the purpose of testing the
assumptions commonly used in estimating manpower "requirements",
however. My sense of logical frustration only becomes severe when I

read the authors' comment on an equation the dependent variable of

which was proportion of thelabourforce with more than 8 years of

schooling and in major occupation group 7/8.*

"However, bearing in mind the broad scope of this occupation
category ... a high elasticity for the "more than eight years'
schooling" level merely reflects the rapidly rising need for formal
education, a need which rises with productivity, as well as the
need for more foremen, overseers, etc. " (italics mine).

Here we have a sort of back-twist. The rise in the "need" is because
"productivity" ex-post, as observed in the empirical data, is higher,
and higher ex-postproductivity is vi.:tually synbnymous with higher per
capita income (level of technology) which will generally "require" a
higher proportion of better-educated manpower. But the estimated man-
power "requirements" for realization of the associated national income
will be lower than they would be otherwise on account of the rise in
productivity. In practice, manpower requirements projections are
extremely sensitive to projected changes in productivity, as several
studies have demonstrated.**

Meanwhile, it must be emphasized, the human-investment theorist
has not contributed much of anything to the solution of the problem of
anticipatirg future demands for skills. This is just because he would

like to see the question turned around, to ask what would be the produc-
tivity effects of increasing outputs of one or another sort of school
graduates, in various numbers. But he has no substitute technique for
the projection of demand shifts.

Attitude toward Mobility

Seven years ago at an international meeting the contrast between
the perceptions of job mobility among central planners and market
economists was brought into sharp relief. With one or two exceptions,
the men from countries characterized by detailed central planning
viewed job mobility as evidence of the defectiveness of manpower plans

or of their implementation. If there is a logic in this, it is clearly
derived from the fixed coefficient mode of thought; high job mobility
of individuals under such circumstances would be 'likely to entail serious
under-utilization of some skills. Others at the meetings, whether from
America or 'Western Europe, were of quite another opinion; indeed, it

was their matter-of-fact remarks about job mobility and its evidence
for the adaptability of individuals and the flexibility of the economy that
brought c-rt the expression of the .-)pposite interpretation among colleagues
'''rom the E...st. I A, is considerably surprised, however, to see how views

* Occupation volip 7/8 refers to "craftsmen, production workers and labourers".

** Particularly re:evant is a recent study for Greece by Geozge Psacharopolous (1968). His research

includes tests of the effeczs of intmaucing alternative sets of coefficients using input-output matrices

from other countries, as well as tests for the sensitivity of projected manpower requirements to projected

rates of increase in ry:oductivity.
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of mobility are expressed and interpreted by the authors of the present
report. On page 341, they set up a deliberately exaggerated dichotomy:

"When all is said and done, the great dilemma besetting the rela-
tions between occupational categorie..: and levels of education may
be reduced to a discussion of the "specialization" or "mobility"
of the products of the educational system. The planners advocating
"specialization" believe that they can fairly accurately forecast
the requirements in each occupational category, and that their only
problem is to find the level of education best associated with that
category.

Contrariwise, the advocates of mobility at any cost are drawn from
among those who are sceptical as to the possibility as to the
possibility of reliable manpower forecasting. "

The first paragraph of this quotation states one point of view clearly
enough, and we can leave it at that. The second paragraph, from which
I have reproduced only the first sentence, would be a satisfactory state-
ment of the opposite point of view, were it not for the quoted opening
sentence. It is extraordinary, for one thing, that the sentence in which
the phrase "at any cost" occurs is that pertaining to advocation of
mobility; systematic counting of costs has hardly characterized the fixed-
coefficient manpower planning models, whereas just such cost accoun-
ting has been a key element in human-investment economics, which has
generally come down also on the side of flexibility (though it does not
necessarily do so). But also the quoted sentence attributes to the critic
of conventional manpower planning a view that might better be called
the manpower planner's nightmare than the decision economist's reason
for advocating education for 'rnobility" or adaptability. Even if future
demand can be accurately predicted for any given target date, there
is the inexorable fact that men live their lives through many target dates,
and over time specialized skills become obsolete. The most costly
human investments under such circumstances are likely to be invest-
ments in training for narrowly defined tasks. This is an important matter
to which I shall return.

Following this, in the version from which I am working the Report
went on to distinguish the approaches of "economists" and of "sociologists"
in terms that convinced me the sociologists must he the best economists
after all (p. 342).

"In the hands of economists, conscious of the growing specialization
of jobs, and primarily concerned with avoiding unemployment in
any form. Such education planning would produce only "specialists"
incapable of forming any general ideas. In the view of the sociolo-
gists haunted by the problem of reconciling the free will of the
individual and long-term social justice, it would tend to produce
people "unusable" for the immense majority of industrial jobs".

This seems a strange theory of the causes of unemployment, althouth
I recognize some old themes replayed here along with views about the
sources of concern about unemployment of primary school leavers in
Africa', or secondary-school graduates in India, or lawyers in Greece.
And as for the "sociologists'', it would appear that they may Le quite
good neo-classical economists, that they believe a man's preferences
for how he spends his time may be as important as his preferences in
how he spends his money, that they assume that he pays at least some
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heed to the relationship between his schooling and his anticipated future
career prospects, and that general schooling is not inimical to the
performance of industrial jobs.

These comments bring me to one of the most characteristic con-
trasts between the manpower and the decision-theory modes of thought.
I refer to reactions to empirical findings of loose relationships between
levels of national income or rates of growth in incomes and the educa-
tional composition of thelabour force (or of particular segments of it).
Again and again one encounters remarks from manpower planners to
the effect: "Unfortunately, the correlations are very low ... " or
"Fortunately, the correlations between proportions in technical high-.
level jobs and ... are high", or "Hopefully, further research, with
more refined data, will enable us to identify these relationships much
more tightly". In these statements hopefulness relates to the ease with
which forecasting of manpower requirements can be carried ,)ut - but
nothing to do with what is fortunate or unfortunate for people or a
society. The human-investment economist who traces his ancestry more
to Adam Smith than to the mercantilists will react in the opposite way.
"Fortunately, the observed associations are loose enough to ensure
some give or flexibility in economic adjustments".

3. THE LOGIC OF EDUCATIONAL PLANNING
FOR DYNAMIC DEVELOPMENT

Economic development is a dynamic process, and no model or
technique for educational and manpower planning that waives consider-
ation of what fosters and what impedes technological advance and the
diffusion of improved practices*will long prove satisfactory. Yet neither
the conventional manpower-planning procedures nor the applications
of human-investment theory to analysis of policy alternatives have
incorporated consideration of the basic dynamics of the processes by
which development occurs. Evidently, analysis of dynamic processes
is peculiarly difficult. This is a primary reason why the state of our
theories of economic development continues to be so unsatisfactory, and
provides so little help to the would-be manpower or educational planner.
But we need not wait for a full-fledged theory of dynamic development
before taking into account some of the evident implications of the dynam-
ics of change, implications of critical importance to strategies in human
resource formation and educational policy. Two of these critical impli-
cations are: (1) Things will change substantially over the working life
of any individual, assuming economic development to continue, and no
single target date represents "the future demand" for skills of a cohort
currently being educated (2) In the planner's projective view of the
future, and of how alternative lines of action may affect that future, the
only certainty must be certainty of change - unless, of course, his
policies operate to block development instead of fostering it. This will
continue to be the situation whatever we may know or learn in the
reasonably near future about the nature of the dynamics of development.
But I cannot share the view that seems to be held by the authors of the
Report, and shared by many others, that this is a "negative" conclusion

* Including organizational innovations and techniques for decision -makin - a micro level.
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or a defeatist stance, Though I hope that we will substantially enlarge
our understanding in these matters, and am committed to such an
endeavour, Jam not at all sorry we are unlikely to become omniscient,
or that the world is unlikely to 11come the kind of place in which history
is so tidily repetitive as to provide men with the basis for firm and
detailed predictions.

Perspectives in Time

It is often supposed that the manpower planners look into the
future, whereas human-investment theorists and social benefit/cost
estimators do not. This is a misleading perception. Both look into
the future, but in different T.rays; and both are inadequate in this respect.

The manpower planner's time perspective is a particular target
date in the future. He ay trace flows through the schools in the
interim, with the range of physical possibilities and the bottlenecks
that will be encountered. Presumably, also, he will modify projections
of both "manpower requirements" and supply prospects for a particular
date as that date approaches, and he will at the same time add on new
target dates; in this sense he is considering a sequence of future dates,
to be sure. However, there is nothing in his procedures that refers
to entire spans of working lives of individuals who are being educated
or trained (or who are being shunted into the labourforce with very
little education or training prospects). In effect , he is planning not for
the development of productive, let alone adaptive, people, but for the
supplying of "skills".

The human-investment economist looks into the future as a time
path of prospective earnings or productive potentials associated with
one kind or level of education versus another. Furthermore, if he is
sophisticated in his understanding and application of his constructs, his
view of that time path will include the extent and effects of post-school
training and learning both to counter obsolescence and to further upgrade
productive capacities.

I am not suggesting that his treatment of the obsolescence problem
has been adequate, for such definitely is not the case; but at least
obsolescence can find a place in his model. It finds a place because
the human-investment economist starts from individuals as his units of
observation rather than from target date skill mixes, and benefit/cost
accounting takes into account the differential incidence of unemployment
over a man's life as unemployment may be associated with levels and
kinds of schooling.

The first approximations to projections of time paths of future
earnings were merely simple cross-section current age-earnings pro-
files (with or without "ability" adjustments) treated as if they were
longitudinal projections for today's cohorts of young people. The more
usual procedure recently is to adjust the cross-section data by
application of an assumed rate of growth in productivity. The theoretical
basis for such an adjustment matters very little when the purpose of

the analysis is merely to study individual decisions and determinants
of skill supplies. However, when these models are extended (with
appropriate adaptations) to benefit/cost accounting at more aggregative
levels the reasons for the projected productivity increaes become
more important. So far as I am aware, the rationale of adjustments
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for projected rates of growth in productivity has not been elaborated,
but basically such adjustments amount to predictions that the inter-
active effects of human resource development, physical capital forma-
tion, and advances in knowledge and technology generally will be such
as to raise the productivity of graduates of a given level (or kind) of
schooling in parallel with rates of growth in productivity generally.
Despite my earlier comments concerning treatment of productivity in
manpower planning as contrasted to human-investment models, they
converge on much the same pragmatic grounds here.

Continuing, for the moment, with a single cohort, even though
public policy decisions pertaining to education will normally extend
over future cohorts as well, there is still the question: what about the
effects of large versus small changes in numbers on prospective
productive contributions and life-earnings paths? In central planning
(or any planning of activities that will have large scale impact) this
problem can become inextricably bound up with projections of future
earnings paths. As I remarked earlier, there is no tidy answer,
although there is the useful technique of testing the sensitivity of
benefit/cost findings to a range of assumptions concerning demand
elasticities. Particularly important, in this context, is the degree of
job adaptability (potential for job mobility) with one kind of training
versus another; demand elasticities for the services of an individual
will be greater the wider the range of skills he can claim or, especial-
ly, the greater the speed with which he can r juire new ones.

Finally, the time horizons of educational planning in a human-
investment framework are compounded of the horizon in numbers of
cohorts considered and the working-life spans of those cohorts. At
the extreme, the time hcrizon could be said to be the sum of typical
working-life span and numbers of cohorts within the planner's purview;
this sum would take the last (youngest) cohort through iLs working
years. However, even at very modest discount rates the present value
of income anticipated with virtual certainty for a remote future date
will be very small, however large that anticipated income may be -
quite aside from the fact that the more remote the future the more
uncertain the anticipations. In practice, therefore, the values estimated
for the most distant horizons will have little effect on the benefit/cost
outcomes.*

First Mi es and Relevant Future Parameters

A sound strategy of planning under uncertainty will be a selective
strategy, economizing on the elaboration of projective estimats,
but taking careful stock of ways in which actions taken now - first
moves - will affect the scope of alternatives open in the future; that is,
it will concentrate particularly, so far as future prospects are con-
cerned, on how present actions will affect parameters conditioning
future choices. This approach to planning has relevance for educational
and manpower planning in several ways, but I limit comments here to
just two.

* In dynamic linear-programming models that use present-valve measures in their "objective
functions", terminal dates are normally taken considerably short of a working-life horizon even for

today's cohort. Such models avoid the closure effect of terminal dates by specifying, for example,that
"present values" for successive dates over the planning period cannct decline. See, for example,
Irma Adelman (1966) and Samuel Bowles (1965, 1969).
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First, it specifies a rule of very general applicability to substantive
decisions about how young people should be educated and to what levels.
Phrased as a criterion question: how will what we plan on their behalf
affect their scope for choice in the future ? This is another way of
putting the argument for flexibility and emphasis upon learning to learn
as the heart of education for dynamic change. It is both a pragmatic
and a philosophic proposition. If individuals are regarded simply as
pawns on a chessboard, the scope for choice is a scope for the chess
player (manpower allocator ?) to move them around. But in addition,
some of us at least consider the enlargement of the scope of choice open
to individuals to be a desirable goal in itself. Fortunately for society
(not just for planners) a strategy to foster economic growth and the cri-
terion of enlargement of individual choice are mutuall7 supportive when
seen in this light*. Five years ago, in our essay on ' Theoretical Con-
siderations in Educational Planning", C.A. Anderson and I cr:ticized
the conventional manpower approach for its disregard of these consid-
erations, and I see no reason to modify those remarks today**:

"The model has several further implications that should be ex-
amined.It puts quite out of consideration any significant market
adjustments to re-allocate available manpower among uses, zLnd
automatically diverts its practitioners :1.-om considering long-
term strategies to facilitate more efficient short-term adjust-
ments in manpower utilization. It slurs 4)ver awkward problems
of future obsolescence of the skills of toe :v's output of new man-
power and evades the question of whethz t.: c, proposed programs
of training may increase that obsolesceu".
The logic of the "first moves" theory of decision-making under un-

certainty is relevant, secondly, to the planning process if:self. Planning
can be an omnivorous consumer of human resources, a.id it is all too
easy to multiply planning activities with results that may be impressive
in paper work and computer output, but less and less discriminating
and thoughtful. The "first moves" analysis of decision-making, though
initially developed in application to decision-making in large business
corporations, is equally applicable to educati,mal- and manpower--
planning activities of public agencies. It was partly as an application
of that approach to decision-making under uncertainty that Anderson
and I challenged the propensity of many devotees of detailed central
planning to insist that long load times are needed oa all planning fronts.
That argument is closely associated with other characteristics of the
manpower-planning mode of thought. Again I reproduce our discussion,
this time in more detail***.

"Proponents of detailea manpower planning usually ar gue , virtu-
ally as an axiom thoug with occasional illustrations,that along
lead time is needed and that manpower forecasting fnr education-
al planning purposes must therefore have medium to long time
horizons. Further, they assume that students (or their parents)
are unwise choosers and forecasters and tIE central authorities
must determine (directly or indirectly) the numbers of places in
various schools and curricula without regard to prospective stu-
dents' demands. Deviation from this position is seen as a con-
cession to other, "social" educational goals."

*
* * *

Anderson and Bowman (1964) p. 24.
See Franco Modigliani and Kalman J. Cohen (1958),
Anderson and Bowman (1964) pp. 22-23.
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Pushing back of all these characteristics, we can begin to construct
the implicit theoretical framework at the core of the detailed man-
power approach to educational planning.

1) The first assumption has already been explicity identified and
reiterated, the assumption of ex ante near-zero elasticities of de-
mand for skills (ex ante near-zero skill substitutabilities).
2) The period of specialized training in several of the more critical
skills is taken bo be long (irrespective of the length of prior general
education). It is no accident that proponents of detailed, long-term man-
power planning refer so often to physicians in illustration of this point.
1\To one assumes that the training period for medicine is typical, though
no one would disagree that medical education requires a relatively long
lead time. Medicine is also less problematic on the requirements-
forecasting side than many other high-level specialities - at least if
one does not raise questions about the "need" for many fully-fledged
physicians at all. In the usual case the future requirements for physi-
cr,ans are in large part derived from demographic predictions, their
payr..ient is often socialized, and the demand for doctors is compara-
tively unaffected by changing production technologies.
3) It is explicitly asserted that a long lead time is required to pro-
vide the facilities in plant and personnel needed to train the new co-
horts of manpower. This proposition, if true, adds to the time lapse
involved in (2), provided that (4) is also applicable.
4) Production coefficients inthe formation of each type of manpower
are taken to be highly fixed. In part this is just a particular facet of the
assumption of inelastic deroand for human skills: ine1.astic skill substi-
tutabilities among teachers in various curricula and also between
teaching and other activities. However, rigid educational production
functions would imply also inflexibility in pupil/teacher ratios., in per
student allowance of classroom and laboratory space, and so on.
Plans often stipulate adjustments on this score, however, especially
with regard to teacher/pupil ratios and teacher qualifications at the
lower levels of school in underdeveloped countries. The plans almost
always fail to'give serious attention to the possibilities of substitution
between skill acquisition in schools and by other means, or the limits
of such substitution.
5) It is assumed that the -Pack_ f change in manpower requirements
is both rapid and irregular and/or that there are critical educational
decisions entailing large investments that are both indivisible ans spe-
cialized in their educational uses. Assuming manpower-production goals
as predominant, either of these situations will call for unevenly spaced
large decisions with relatively long planning horizons. Unless one,
or both, of these conditions prevails, the relevance of points (3) anLI (4)
to the argument for detailed manpower forecasting well into the future
is decidedly weakened. An even pace of change would allow for feed-
back adjustments at the margins at which decisions must be made.
Hence, there would be little need for looking beyond the period of
specialized training itself. Furthermore, if skill demands change rel-
atively smoothly, the presumption against heeding student choices
(as a major guide for expanding educational programs) is greatly
weakened even if it is not shattered. Emphasis upon educational deci-
sions that entail large and indivisible investments is encouraged by
two additional circumstances: the tendency to set manpower targets
at intervals of several year ahead; and the association of manpower
planning with centr lized e tional planning".
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A FEW CLOSING REMARKS

Finally, I hazard a few brief words concerning priorities and pros-
pects for progress in the understanding of relationships between human-
resource development and economic advance, along with coordinate im-
provements in educational and manpower planning.

So far as positive economics is concerned, almost certainly we
tJJl see more econometrically sophisticated analyses of the kinds of
relationships with which the Report was concerned, using not only the
data now available but better and more extensive data that are sure to
materialize in the near future. This will mean, among other things,
a greater sophistication in the construction of models for empirical
testing, and the use of simultaneous and of recursive equation systems.
Probably it is not too optimistic to predict that studies of substitution
elasticities based on use of wage data will be extended, and that the
quantitative models that have come out of the workshops of those most
involved in manpower planning will be placed beside the work that has
been and will be done by other economists, working from price and
value theory.

I anticipate also some important break-throughs in the attempts to
determine just how education contributes to productivity, under what
circumstances. This means, among other things, more incisive analy-
sis of the extent and nature of substitution and complementarity among
kinds and levels of skills and between these and physical capital. Begin-
n-ings of this development have emerged independently in work by D.P.
Chaudhri in India and Finis Welch in the UniteL, States. Increasingly
at,-ention is being directed to the identification of adaptive and innovative
versus more conventional sorts of "skills" as functions of education.
In these studies, emphasis is on the role of education in change.

So far as the future in educational and manpower planning is con-
cerned, it is my hope - though not yet, i fear, my prediction that the
basic logic of decision-making under uncertainty will come to play a
greater part in the way planners think and what they attempt to do. This
calls for a more discriminating approach to decision problems.

And finally, I am impelled to reiterate the words with which Ander-
son and I closed our earlier paper*:

"Planning for a dynamic future requires planning for flexibility,
both in the human resources we create and in the scope for fu-
ture revision of plans. It must be evident also that however
skilled the planner-technici-Ins, most important of all is wise
men - wise enough not only to plan for others ')ut also to plan so
as to enc.:^urage others to plan for themselves, whether in a
socialistic state or the welfare state that is the United Stat =.

In the end, that m.ight prove to be the important guide to educa-
tional planning even when economic development is the sole
goal. It is assuredly essential if the non-measurables are to be
given adequate scope".

Anderson and Bowman (1964) p. 45.
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COMMENTS ON OECD' s "OCCUPATIONAL AND EDUCATIONAL
STRUCTURES OF THE LABOUR FORCE AND LEVELS OF

ECONOMIC DEVELOPMENT - POSSIBILITIES AND LIMITATIONS
OF AN INTERNATIONAL COMPARISON APPROACH

(OECD, DAS/EID/69. 16)
by

Mark Blaug

The purpose of this book is to answer two questions: (1) are there
"world manpower growth paths", that is, definite patterns in the occu-
pational and educational composition of the labour force of an economy
which depend uniquely on output per worker, or, possibly, capital per
worker; (2) and, if so, what do these look like and how can they be
used for purposes of forecasting the future demand for different types
of manpower ? I think it would be fair to summarize the findings of
this study by saying that it answers question (1) by a "yes" so severely
qualified as to become almost a "no" (see pp. 60, 150, 248, 262, 268,
284, 307, 310, 337, 382, 383), and that it never in fact supplies any
clearcut answer to question (2).

What conditions have to be met to validate existence of "world man-
power growth paths", such that poor countries could plan their future
skill requirements by imitating richer countries ? In the extreme case,
the answer is simple: no substitutability either in pro& 2tion or in con-
sumption.

Spelling it out: all products would have tc be produced with identical
production functions throughout the world and these would all have to be
fixed-coefficient production functions (fixed capital-labou.: ratios, fixed
occupatioral coefficients, fixed educational coefficients, et cetera): all
produr.tts would have to be consumed with identical consumption func4ions
throughout the world and the aggregate consumption function would have
to correspond to identical micro-1:Y .?.rns of consumption demand, other-
wise variations in the composition of total output would reimpose the
possibilities of substitution in production. In addition, technical progress
in both production and consumption would have to be "neutral", that is,
leave the ratios of different inputs and outputs that enter into produr:tion
and the ratios of different products that enter into consumption unaffect-
ed; the same technical knowledge would also have to be freely available
everywhere, or acquireable at the same costs.

Alternatively, alrprbducts might be produced with identical variable-
coefficient production functions throughout the world but identical relative
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factor endowments and hence identical relative factor prices would
leave all countries operating with identical capital-labour ratios and
with identical occupational and educational coefficients. This case re-
quires additional conditions, however: since a production function re-
lates the maximum quantity of some exactly specified output to the
quantity employed of some set of exactly specified inputs in a given long
period, we must be sure that all countries are operating on the bound-
aries of their production functions; in other words, the condition is that
all entrepreneurs maximize profits and that there are no differences in
the quality of entrepreneurship in different -)untries. We also require
now that all production functions are linear a id homogeneous (although
not necessarily Cobb-Dougftas in form) and, once again, that technical
progress is neutral. Furthermore, we require unit-income and unit-
price elasticities of demand for all products and, as before, identical
saving propensities and, by the way, identical import propensities and
identical "public spending propensities". We might add that we also
need identical labour force participation rates, identical educational
participation rates, identical age and family size distributions of the
population, and so on and so on. The implications of the extreme case
are nov: self-evident: in order to observe "world manpower growth
paths", in the simple sense of the term, all countries must be identical
in all respects except for (i) absolute size and (ii) total-factor-produc-
tivitN,'

Clearly, we will never observe this extreme case in the real world.
Casual inspection suggests that the extreme case is not even closely ap-
proximated. Nevertheless, the question is: how close do we actually
get to it ? The answer is an empirical one but, since it runs in terms
of probabilities, judgement will be required in the final analysis to tell
us whether we have come close enough. Close enough for what ? It all
depends on the purpose of the inquiry. If we are trying to expia;- how
the skill mix of countries changes in the process of economic de;.11 p-
ment, any answer will do: coming close means an end to our investi-
tion; not coming very close means a further search for new variables
with greate...," explanatory power. If we are trying to improve the art of
manpower forecasting, however, not coming very close may mean that
the whole notion of basing educational planning on international compar-
isons must be dismissed as a blind alley. If the feasible paths of man-
power development are very wide, the question of the optimum skill
mix of a labour force must be faced anew, perhaps with different tools
and modes of thinking than have so far characterized the international
comparative approach. To express it in oth r language, if given levels
of econ )mic development are not associated with a unique set of occu-
pational and educational coefficients, all the single-equation estimates
of this study and others like it are subject to simultaneous equation bias:
we are testing the reduced forms of what is in effect a series of demand
and supply equations (see p. 24).

As a case in point, consider the suggestion in this study (p. 38) of
relating differences in the occupational and educational coefficients of
different countries to variations in their wage and salary structures.
In a paper circulated last year, Samuel Bowles did just that with respect
to the educational coefficients; distinguishing three types of labour
(those with le. 'Ilan 8 years of schooling; those with 8-12 years of
schooling; and those with 12 or more years of schooling), he ran a
cross-section regression (data for 12 countries, mostly around 1960)
for three pairs of relative earnings on the corresponding pairs of
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relative labour inputs* assumption that the aggregate produc-
tion function of count, unforms to the CES (constant elasticity of
substitution) production ftkction, his results furnished estimates of the
partial elasticities of substitution between the three types of labour.
All the elasticities were significantly higher than three at the 99% level
of significance, which implies considerable substitutability between
people with these three levels of education. For example, the results
suggest that a 1% change in the earnings of those who have at least com-
pleted primary sc'-.00l relative to those who have attended secondary
school leads to a 12% change in the ratios in which these two types of
labour are employed.

After making allowances for errors in measurement, unemploy-
ment, differences in the commodity composition of total output, and
after checking his results against time series for the United States,
Bowles concluded that demand elasticIties for educated labour are in-
deed very high and, hence, that the assumption of constant relative
earnings of labour in the analysis of planning problems is an adequate
working generalization. No doubt, these results are subject to con-
siderable qualifications: nothing is said about occupations, nor about
the aggregation problem on the production side**. Nevertheless, they
demonstrate the feasibility of this type of research. Data on wages
and salaries cross-classified by educational attainment, and in some
cases age and occupation, are now available for 22 countries (USA,
Canada, United Kingdom, Denmark, The Netherlands, Belgium, France,
Greece, Uganda, Kenya, Nigeria, Zambia, Israel, India, The Philip-
pines, Japan, Hawaii, Mexico, Puerto Rico, Colombia, Chile and Vene-
zuela), a number smaller than the -N. 2 countries analysed in this study,
to be sure, k:ut one large enough to permit meaningful statistical analy-
sis. One can.only express the hope that the OECD, with its superior
resources for raibing data, will undertake this work.

The OECD study before us marks a great advance, in both the
volume of data and in the interpretation of results, over earlier studies,
such as those of Horowitz and Layard. In some respects, however, it
marks a step backwards from Layard who explicitly raised the question
of the use to which his results could be put by manpower forecasters.
The OECD study mentions the problem of converting cross-section into
time-series results (p. 25) but, apart from this, offers little guidance
to policy makers (bat see p. 382). One unresolved issue is: when we
successfully fit an occupational-coefficient equation like:

L..
log a + b 'og

* S. 13owles, "The Aggregation of Labor Inputs in the Study of Growth and Planning: Experiments

with a Two Level CES Function", Economic Development Report No. 122, Project for Quantitative Re.-
search in Eeonomic Development, Center for International Affairs, Harvard University, Cambridge,

Mass., 1968.
** As the OECD study thinks nothing of estimating the proluction function of sectors of the eco-

nomy it is worth noting that production tonctions refer to homogeneous outputs and that the output of,

say, "manufp-turing" is far frorr homogeneous. The estimated parameters of an aggreg .e production
function, whe.aer aggregated at the sector level a; at the level of the whole economy, are in fact ar-
bitrarily weighted averages of the micro-production functions of individual industries. The only case
in which the weights are not arbiterary is the case of perfect competition ruling everywhere, the weights
themselves being the relative prices of factors. All this is to say that ostimates of aggregate production
fonctions are extrembiy difficult to interpret and must always be h....en with a pinch of salt.

265 285



are we telling planners to have regard to the regression line or to the
b-coefficient ? Suppose Ruritania falls below the line. Do we advise
Ruritanian planners to maintain the ratio L../X. at the value b, or to

ij
increase the ratio as soon as possible ul-Jtil it reaches the average ratio
for a country with that level of Xi/Li. In short, should planners care

only about the growth -;:.ates of labour in different occupations and edu-
cational categories in relation to the growth rates of output per man, or
about the absolute levels of al these variables ?

Layard opts for the first of these two considerations and in s o doing
he is in good company with Harbison, Tinbergen, and other prE itioners
of the manpower-forecasting approach. But so long as there is even the
slightest suspicion th t educated manpower is often malutilized from the
standpoint of productive efficiency, stocks are just as important as flows:
we have to achieve optimom stocks of manpower in relation to levels of
output, not just optimum flows of manpower relative to rates of gi owth
of output. And so, I cannot help wondering: what would the OECD study
have recommended for planning purposes if all the R2 's had approached
unity and if all the standard errors had approached zero ?

A great many of OECD' s results are difficult to interpret because
they do not correspond to any recognizable economic theory of how the
relevant variables are related. Take, for example, the continual re-
liance on labour productivity as the independent variable. Apparently,
the notion is that employers or planners try to maximize output per
worker, or, at any regard, regard output per worker as a critical vari-
able. But businebs firms care only about total-factor-productivity:
only by optimizing output per unit of all inputs can firms minimize costs
per unit of output and thus maximi2,, profits. As for planners, maxi-
mizing output per workers only makes sense if capital is free. Now it
is true that output per work or the average productivity of labour is
easy to measure, while total-factor-productivity involves the difficult
task of measuring capital. But there is nothing in economic theory that
suggests that labour productivity is a good proxy for total-factor-pro-
ductivity. A cross-section comparison would almost certainly reveal
wide discrepancies between the two and, as is well known, time series
analysis on the level of individual industries indeed reveals substantial
divergencies.

The OECD study, to be sure, shows a very high correlation across
entire economies between gross capital formation (the cumulative sum
of investment ,ver the previous seven years) per wo,-ker and output per
worker. But the last seven years of investment in the entire economy
is no substitute for a weighted capital input in the productive process of
an industry or even a sector. I can see no reason why output per un-
weighted labour input in a sector should bear any relationship to the
occupational or educational distribution of the 1.8.1-,our force in that sec-
tor, not even if investment is of the putty-cl a d of the putty-putty
type. Hence, I regard the few meaningful re , which the OECD study
did produce as nearly miraculous. I can only account for them with the
cynical argument that all economic variables are so highly intercorre-
lated that regression of n var V.ble on any other always yields a pat-
tern of some kind.
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THE ELASTICITIES OF THE OECD STUDY
AS PARAMETERS OF LOG-LINEAR MODELS

by
Jef Maton

In the presentation of its results, this OECr.-study departs from
the familiar procedure: instead of cutting out their hest shots, framing
them and suggesting in which art gallery they would suit best, the au-
thors have presented somewhat indiscriminately all results obtained.
Although the latter method is justified in its own right, readers more
accustomed to the former approach may ask themselves the question:
how do the results tie together and how do they fit in with the existing
knowledge on the subject matter concerned. This paper tries to give a
partial answer to this question.

In order to facilitate the discussion the 15 major sets of regression
equations were brought together in a Synoptic Table. It should be under-
stood that all variables presented in the Table are in log-linear form.
The indication "log" and the constant terms were omitted for the sake
of simplicity. The endogcnous and exogenous variables appearing in
the regression equations concern production, X, labour force, L,

K, demand and supply of workers in specific occupational or skill

groups, Lc! and L., demand and supply of workers with a specific edu-
J

cational background, Lk and Lk.

1. GENERAL EQUILIBRIUM MODELS
IN LOG-LDTEAR FORM AS FRAME OF REFERENCE

The variables concerned are linked together through multiple rela-
tions and circular interdependencies. The OECD-study has expressed
those interrelationships under the form of equations and treated each
equation individually. Since the indivi lual equations express circular
relationships between a limited numbe- of economic variables, one can
expect them to be derived from some or other general equilibrium model.
In the following paragraphs an attempt will be made to formulate some
appropriate models as a frame of reference. Subsequently, equations
and variables will be eliminated until the models are reduced to single
equations corresponding to specific regressions equations of the study
under review. This exercise will enable us: first, to picLure the more
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general framework from which the equations are drawn; second, to
compare the approach followed in this study with alternative approaches
followed in other studies; third, to throw light on the implicit assump-
tions '.nvolved.

The structure of the general model, we intend to construct, should
cope with the particular features of the OECD-study. Two of those
seem essential. First, all input-output relations are in log-hnear
form. Accordingly, the input-output relations in the general should
also be in log-linear form. The log-linear universe of constant elastic-
ities holds the mean between the Leontief universe of fixed coefficients
and the neo-elassical universe of perfect factor substitutability. One can
expect, therefore, that the model will be composed of linear and neo-
classical elements. Second, some of the input-output relations in the
OECD-study concern the process of skill acquisition and explain how
educational inputs are converted into skills, The model should, there-
fore, have a number of structural equations referring to this particular
type of production process.

As mentionned in the foregoing paragraph, log-linear models find
themselves between the Leontief and neo-classical universe. Our start-
ing-point, therefore, will be the linear and neo-classical models, as
they were presented in the standard work of Dorfman. Samuelson and
So low. * Vie will extend this models so as to havn a number of structural
equations explicitly referring to the production of skills. In a following
step, the input-output relations will be made log-linear.

Let vector P represent the resource inputs I Li, L2, ...Ln_i,
Ln I . whereby Li, L2. ... Ln represent the various skill categories.

Let vector x' represent the sectoral outputs Xi , i ranging from

1 to m. Vector w' will indicate prices, /W1, . , Wn , of msources,

L , L. and p' the prices, 11'1, , 13d. , of outputs, Xi. Leav-
1' " n

ing, for the time being, the educational inputs out of consideration the
linear model can be written as

w' A p'

(LA. 1)

(LA.2)

(LA. 3)

(LA, 4)

(LA. 5)

(LA, 6)

The number of equations equals 3m + 3n. The unknowns add up to
the same total: n factor services demanded, n factor services supplied,
n factor prices, ni products demanded, m products supplied and m out-
put prices.

* R. Dcr man, P. SarnueBon and R. Sol_ : Linear Programming and Econo ic Ana1y4, U3,

Chapter 13.
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The equations (LA.1 ) are the demand equations for occupational
skills. The sets of equations (LA.2) and (LA. 3) form the demand equa-
tions for outputs and the supply equations for resources, respectively.
It is a general rule to have the prices w and p as explanatory variables
in both sets of equations, inter alia, because those prices do not appear
in the set (LA.1). EquatiorilTrA73 and (LA. 5) state that the markets
of resources and commodities must be cleared, which clearing process
determines the equilibrium prices p and w. Finally, equations (LA.6)
state that the unit price of each output must equal its unit costs and de-
termine the relation between the factor and commodity prices.

The keystone of this model is the technological matrix A, whose
elements form the structural coefficients of the demand equations (LA.1).
Two important points should be made with respect to this matrix. First,
in the linear model under discussion its elements are constant and given.
Second, it can be viewed as a set of production functions transforming
sidll inputs into sectoral products. Those production functions can be
written as*

F 11' a21' a
1

)
-n

1 F (a12, a22 a-n2

1 Fa aim 2m, anm)

or
L, , L

X = min ( 'i ., ' 11 )
1 a a11 21

atil
* We write first the production functions as

X1 a F a
11-

L
21

, ..., L )
n1

X a F (L L , .., , L )
2 12' 22 n2

Xm F aml, L )
m2 mn

Dividing the first row by X1, the second by X2, etc. gives

1 F
L11 L21 L ni
X

...--)
1

X
2 1

L12 L22 Ln2
-,--)

X X
2 2

X
2

1 F (Lim
1,

run )
X X

rn m m

which is espial to
1 = F (a

11
a a )' -21" n1

1 -a F (a a
12' 22,

1 F (alm a2m a )
nm

2 89
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, 12 L22 L.-
a12 a22 an2

= min mil1,2in
,aim 2 m nm

The model presented above will be further referred to as Linear
Model A or Model LA.

If the outputs X in Model LA are considered as exogenous, an as-
sumption made throughout the OECD-study except in Chapters XIV and
XIX, Model LA is reduced to

id

w' A = p'

h will be referred to as Linear Model B or Model LB.

(LB. 1)

(LB. 2)

(LB. 3)

(LB. 4)

We will now introduce the educational factors. Just as skills are
inputs in the production of commodities, so is education an input in the
production of skills. We remain in the Leontief universe and assume
the relations between educational inputs and outputs of skills to be linear.

Consider the system of equations

P(mr v)

e = es
vl B

forming a Model LC, completely analogue to Model LB.

The technologiztal matrix B consists of the functions

1 F (b b )11, b21' " ql
F (b12, b22' " bq2)

1 = F _ bqn)
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(EC. 2)

(LC.3)
(LC. 4)



The vector e' repr
E E1' 2'

-nts the educa io al inputs

Ft Ek

These educational inputs can be considered as "years of education or
training of a certain type and level". For example, El may be the
number of years of primary education, E2 the number of years of se-
condary education, Es the number of years of post-secondary education,

E
q

being the number of years of on-the-job training. In this case,

the prices VI, V2, V of vector v' refer to the costs of education

received, V1 being the yearly recurrent cost of investments in primary
education, V2 the yearly recurrent costs of secondary education received,
etc. The equations (LC.4)

V b + V2 b2 + + V b = '
1-11 q ql

+Vb +... Vb =W
12 2 22 q q2 2

+ V b + + Vq nbqn W2 2n

tell us that _or any job category gross earnings equal invest ents made
so that the rate of retu n is zero.

The elements E E E can, however, also be considered as
1, 2" q

the number of persons within a given educational category, in which ease
they correspond to the notation Lk in the OECD-study. In that case the

prices VI, V2, V correspond to the average wages in the educa-
q

tional categories concerned.

The Model LC can be treated as an independent partial equilibriurr

model with ed es p and w as unknowns. It can also be joined to the
Model LC so as to give the following Model LB-LC

Ax

F(p,

pt

es F(w, v)

ed es
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(LB-LC. 2)

(LB-LC. 3)

(LB-LC. 4)

(LB-LC. 5)

(LB-LC. )

(LB-LC 7)



The system has 3m + 3g + n equations and unknowns, the unknownsds dsbeing 1 1 e e p. w and v.

In the LB-LC Model there are two distinct technological matrices,
A ane, B. In other words, there are two implicit sets of production func-
tions, the first being X F1 ',L) and the second L. = F2 E I. If we

are not interested in the occupational structure as such, X., can be ex-
pressed directly as a function of Ek by writing Xi F 1 (F211 E ). Simi-
larly, the Model LB-LC can be reduced to

ed

v' G

Gx

F(v, p)

e

(LD-1)

(LD-2)

(LD-3)

(LD-4)

Model LD above is identical in structure to Model LC: we only
replaced the occupational inputs by the educational inputs and matrix A
by the matrix G = BA.

Each of the foregoing linear models has a neo-classical counterpart
with variable input-coefficients. The counterpart of Model LB, which
will be referred to as Neo-classical Model _NB of Model NB, consists of

1

1

1

a X.
6 L.

-d
1

15 ---

id

F (a12'

F (-

Ax

(pa w)

is

a22,

a rn2'

a )ni

an
2

a_n

(NB. 1)

(NB. 2)

(NB. 3)

(NB. 4)

(NB. 5)

The neo-classical counterpart of the LC Model ll be called NC
Model and is composed of
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1 = F (bn, b21,

1 F (h12, b22,

F (bin'

= W.

bql

bci2

bqn

(NC. 1)

(NC. 2)

(NC. 3)

(NC. 4)

(NC 5)

The neo-classics/ counterparts of the Models LB-LC and LD can
be derived in a similar way. It is worth while noticing that one can also
amalgamate the linear Model LB with the neo-classical Model BC so as
to have a Model LB-NC in which the a..' s are fixed and the b s are

.11
kj

variable.

We wUl now present the log-linear models. They differ from the
foregoing linear and neo-classical models, mainly in the following:
first, the technical coefficients are removed from the demand equations
and replaced by constant elasticity coefficients: second, technical coef-
ficients and prices vary but have no effect on the elasticity coefficients
concerned. In discussing these log-linear general equilibrium models,
it will appear that the elasticities of the demand equations are related to
the regression coefficients of specific equations in the OECD-study.

The first model of the log-linear models will be denoted as Ba and
is a mixture of LB and NB. It consists of the following sets of equations:

log I = C log x

W. a.. =

w' A

_whereby the eionfents c. of matrix C are constant, but the input effi-

cients a. are variable.

(Ba. 1)

(Ba. 2)

(Ba.

(Ba. 4)

(Ba. 5)

2 73293



Just as in the foregoing models, the matrix C of the demand equa-
tions (Ba- 1) forms a set of production functions. They can be written,
as

1 = F

2' c22' '"
.. . # 0 .. ..

1 F (cim cnm

log X1 mi
log Li log L21 log Ln1

n
C11 e21 12n1

log Li log L, log Ln2
log X2 = min ( , 4 4 ,

c12 1222 122

log X log L1n1 log L2m log L
in

nm )
c l c2 c

rn am

ji. the
.

product of a. with the col-responding price ratio W i./P. s constant and
Ji

The proouction functions
log X1 F (log L11. log2i. log Lni)

log X, F (log L12, log L22, log Ln

log XIII F (log L leg L2m, log Lnrn)

can be reduced to
1 = F (c c c

119 21 4 nl
1 = F (c c

124 22' "''' crt2)

F (c , c , c )
1m 2m nm

by dividing the fUst equation through Xi, the second through x2, and putting log Lii og Xi

equal to cit.

** The equations (Ba. .3) only hold under the hypothesis that wages equal marginal productivity.

In fact, those equations could also have been replaced by
6 Xi

L.
= r./c..

1 11
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equal to c.. implying that any increase in the relative price of input

L.. is compensated by a proportional decrease in the input coefficient
J1

L..ji /X. = a... Equations (Ba. 3) also imply that the technological matrix

A can be derived from the matrix C, provided p and w are known.

3 3
The coefficie-nts b. of the matrix b. of equations (1. 2) in the Syn-

31 Ji
optic Table are closely related to the elements c in Model Ba. Fully

ji 3wg X./L..ji Ji

The constant terms log a can be removed by differentiation.

The equatio then become

d(L.,/L1
L ../L.

31 1

implying that

3
b

d(L.i/Li)

On the other hand

d(Xi L
57L.

1 1

log L. dL.
To i dX-

X.

3The difference* between b. and c.. is, therefore, in the deflator
Ji J1

L.i appearing in the numerator and denominator of the elasticity coeffi-

cient 3

bir
3

* The relationship between eii and bit can be expressed as

dl. X3 ie. = b
3

- (1-b..)
dX Li i

This relation is obtained in the following way, By definition

dL, dl. ciL.
dXi i

= b3 --
L.. L. ji " xt L.

A
1

shifting dL/L

dL,. X.
J1 1

L. dX,

right hand side and multiplying both sidea by X1fdX1 gives

di, X.
3 i
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If the vector )0 = Xi in (Ba. 1) is reduced to a scalar X, standing
for production of the whole economy then Model B becomes

log Ld. 1 [ c. log X

L'7 = F(P, W.)

W. a. = P/c.
3 3

= L.
3

Wn
a a = 1

1 p 2

(MI, 1)

(Bb. 2)

(Bb. 3)

(Bb. 4)

(Bb. 5)

where [log Lc.:1 and [ci ] are diagonal matrices and log X is a scalar.

In the line wi h the foregoing model, the input coefficients L1/_ ,
W L W L W

L /X L /X are variable but 1 1 2 2 _a n
2 n X PX P X P

the shares of the various occupational groups in national income, are
constant and the elasticity of substitution between any two inputs is equal
to 1.

The counterpart of equation (Bb. 1) in the OECD-study is equation
(1. la) of Synoptic Table. The coefficients 131 of equation (1. la) equal
d(L./L) X/L while the coefficients c . of (Bb. 1) equal dLi X the
c/1) Li/L J dx L.

J
difference being in the deflator L.*

if the skill production models are put in log-linear form, the folio
ing Model C is obtained.

log e = D log 1

es = F(w.

V b .k kj

The relationShip betWeell c. arld b. can be expressed as

1 dL
c.

b
- (14,1 )

x
j J dx L

It !nay be observed that in Model 13b concerned X and L are exogenous.
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e =

= B

where dkj = log Lkj log L.

(C.4)

(C. 5)

The counterparts of the coefficients dk in the OECD-study are the
8 9coe ficients bkj . and bkj.

give
The models Ea and C can be amalgamated and contracted so as to

log ed
= H log x

es = f (p,

Vk g _ = WF/hkjj

vl G

(Ba-C. 1)

(Ba-C. 2)

(Ba-C. 3)

(Ea-C.4)

(Ba- 5)

where G = BA and H = DC while the models Bb and C can be put t
gether and reduced to

log Dkdi = [log Lkd]

Es Lk = F(P, Vk)

gk PInk

[hk] log X (Eb-C. 1)

(Eb-C. 2)

(Eb-C. 4)

V
gl V2- g2 9 g9 1

P io

where [log Ed
is a scalar.

b-C. 5)

[log Lkj ond [hk] are diagonal matrices and log X

The counterparts of the coefficients h k in the O_ECD-

coefficients b4 of equation (2. la) in Synoptic Table.

The Model C can be reversed so as to give

log = T log e

= F w.

27
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V /

That Model D is the reciprocal of Model C can be best shown, when
it is assumed that D and B are square and non-singnlar: in that case I is
simply D-1 and S = B-1

The counterparts of the coefficients t. = log L. /log E in the
10 jk 11 Jic k

OECD-study are the coefficients bjk and b.jk of equatiors (3.2a) and
(3.2b) of Synoptic Table,

If the Models D and Ba-C are joined together and reduced, the
Model Ba is again obtained.

Let us now discard the problem of price equilibrium, forget about
the input coefficients and eliminate the supply equations.

We are left then with two truncated models.

The first consists of

log id = C log x

1 =

log ed = D log 15

where (1.1a) is (Ba. (1.2) is (Ba. 4) and (1 3) is (C. 1).

The second model is composed of

log ed
= H log x

e = e

log 1d T log es

where (2.1a) is (Ba-C. 1), (2.2) is Ba-C. 4) and (2.3) is (D.1).

Models la and 2a above are distinct but related. The equations (2.3)
are the inverse relationship of (1.3): when matrix D is square and non-

-1singular, then T is simply D . Equations (1.1a) are reduced forms of
(2, la), (2.2) and (2.3): log id = TH log x = D-1 I-1x = Cx. Similarly,
equations (2. la) are reduced forms of (1.1a), (1.2) and (1.3): log ed =
DC log x = I-1 log x. Since (2 . la) are reduced forms of (1. la), (1.2)
and (1.3), and (2.3) are the inverse relationships of ;1.3), all the infor-
mation contained in Model 2a is already embodied in Model la.

-
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If the vector x in (1, la) and (1.1b) is reduced to a scalar X, then
Model la becomes

[log Ld.

1 = is
dlog e--

[ ci

D log 1

log X (1. lb)

(1.2)

. 3)

and Model 2a becomes

[ log [ k log X

log ld T log es

(2. lb)

(2.2)

(2.3)

where [ log L.] , log Ek] c
i

and [ h are diagonal matrices

and log k is ajscalar. The mode sa ove will be denoted as Model lb
and Model 2b, respectively.

It has already been shown that the regression coefficients of a
number of equations in Synoptic Table are related to the elasticities of
the demand equations in the general log-linear models. We WA_ now
more systematically review the regression coefficients of Synoptic Table
and indirmte to which parameters of the truncated log-linear models
they correspond.

Equations (1.1a) and (1. lb) of Synoptic Table estimate the parame-
ters c. equations (1.2) the parameters of the matrix C, equations (2. la)

the parameters hk, equations (3.1a) and (3, lb) the parameters of the
matrix D, and (3. 2a) and (3.2b) the parameters of matrix T. The equa-
tions (3.2a bis) are similar to (3.2a) but instead of having L as deflator

log Lk./L
in the numerator and denominator of the elasticity coefficient log

the numerator has L. as deflator and the denominator has L. Equations

(2 2) of Synoptic Table estimate the parameters of the equation

[log Ek

where [leg
A

diagonal matrix
,

[
[d.]

di

[di

and
3is a condensed

[log L_3]
[log Li

form
are diagonal matrices and the

of matrix D.

A number of equations of the Synoptic Table, more particularly the
sets (4) and (4bis) and the production function (5), cannot be connected
te one of the two models above.

The set (4) can only be integrated into a simple model such as
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[log Lik IT log X

L. = E
k=1

Lk E
i=l

re [log Ljk] and U are matrices and log X is a seal

I do riot consider models such as Model 4 above to be very attrac-
tive, inter 'Ha, because they have no structural equations relating
L to L. and there is little scope for completing them with additional

k log L. /L.
equations. The coefficients bjk = of equations (4bis) are16

log X L
similar to the corresponding coefficients of equations (4): the only dif-ferr equations
(4bis) and L in equations (4).

The production function (5)

log X = a constant + b. log LkA + b2 log (L - Lk A) + b3 log K

is the familar Cobb-Douglas function, which has two same characteris-
tics as the log-linear models presented above: the categorical incomes
are constant and the elasticities of substitution equal to 1.

2. SIGNIFICANCE OF THE ESTIMATED PARAMETERS

It has been shown in the foregoing section that the major sets of
elasticity coefficients estimated in the OECD-study correspond to the
parameters of specific sets of structural equations in specific log-linear
models.

Estimating and testing those elasticity coefficients is equivalent
to estimating and testing the parameters of the corresponding equations.

The more significant the parameters, the more significant the
underlying equations and the models, to which those equations belong.

In the following paragraphs will be briefly examined which elastici-
ty coefficients come out as statistically best and what this implies with
respect to the validity of the different models presented in the foregoing
section.

Fitting production functions -uch as

log X = a constant + b1 log LkA + b2 log (L-LkA) + b3 log K

300
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fails because the independent variables are collinear_ Sometimes, how-
ever, it is possible to get around the problem of collinearity, which,
incidentally, also arises when fitting the usual Co5''.-Dougla3 function
and the CRS-production function. In this respe is worth while no-
ticing that since, L LkA L. function (5) can also be written as
log X/L = a constant + hi log (LkA/L) + b2 log (X/L) (6)

Putting the variables in deflated form, as has been done by the au-
thors in all other equations., and making a re greSsion with the deflated
variables may diminish the influence 01' the "scale effects", which seem
to have caused part of the collinearity.

The elasticity coefficients b. estimated by equations (4) of Synop-jk
tic Table are s gnificant but in !many cases the co relation coefficients
are quite low.

Model 4 consisting of

log L.jk

Lk

r L.,
k=1

U log X

can be applied but the errors involved in the summations (4. 2) and (4.3)
will be quite high. Even so, equalion (4.1) can be usefully applied to
determine the numbers to be trained in specific educational categories
of specific occupational groups, more in particular those for which the
corresponding coefficient u is most s Ificant*.jk

1 8The coefficients b. of equations (1.1a) and the coefficients b ofkj
equations (3.1a) are significant and the correlations are in most cases
impressively high. It follows that we obtain good parameters for the
structural equations of Model lb:

[ 1og c.1] = [o.] log X

= 1

log e D log 1

* The same holds for the parameters of equations similcr to (4.1) such as:

log Lik/L = bi log X/L hik log 1..k/L

log Lik/L = bik Lk/L + b.jit L /L

(1. 2)

(1.3)

The former of the equations above appears in Table 111-8 and the latter in Table 111-9 of

the OECD-study.
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4Similarly, the coefficients bk of equations (2.1a) of Synoptic Table
10and b. of equations (3.2a) are highly significant. It follows that we
jk

also obto in good parameters for Model 2b:

[ log Ekd = [ hk log X (2. lb)

ed es
(2.2)

leg 1 T log e (2.3)

Statistically_ both models come out equally well: the estimated
parameters of T come out somewhat better than the parameters of D,
but on the other hand the estimated parameters c. are somewhat better

1than the estimated parameters hk.

From the theoretical standpoint, however, Model lb is more ap-
pealing than Model 2b because equations (1.3) have more se se than
equations (2.3). Equations (1.3) say that there is a set of activity vec-
tors dki k2' . . d transforming educational inputs into skills,

' kn
which is perfectly meaningful. One cannot attach the same meaning to
the transformation matrix T, b.cause one would have to say that there
exists a set of activity vectors L. i t.j2 t. transforming skills

j Jelinto graduates.
9 1.iThe coeff ients b and b. are also significant although the car-
kj jk 8 10

relation coefficients are generally somewhat lower than for bkj and bik
It may be recalled that bk9j is identical tob8kj but for the deflator, which is

X instead of L. The same holds for 1)11 and b10 That the coefficientsjk jk'
15 log L. /Ljb _c are insignif ant y be ascribed to the fact that the
ik log Lk/LT

deflator is L. in the numerator and L in the denominator. The same
16holds for the coefficients b.Jk

3
Finally, it should be noted that the coefficients bi. corresponding

J

to the parameters c. of matrix C of equation

log id C log x (1.1a)

have a high significance level Only for the column pertaining to the man-
ufacturing sector.

LIMITATIONS OF THE STUDY AND AREAS
FOR FURTHER RESEARCH

A model such as

[log L ]= [c.] Jag
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log ed D log is

(1. 2)

(1.3)

albeit deprived of supply equations, is attractive in several ways. It is
_nteresting from a theoretical standpoint, because we have a function
(1 lb) telling us how educational inputs are transformed into skills. It
is practical as an instrument of forecasting because both occupational
and educational categories can be derived straightforwardly on the
basis of target rate of growth of GDP. The limitation ef the model as
an instrument of_forecast and policy-making can be expreb .2d as fol-
lows: the forecasts tell how many persons will work in the various
skill categories and educ:ational categories, but we do not know if those
persons will be really required. This limitation results of the fact that
the parameters c, a.nd d kj as estimated by the OECD-study, only trans-

]
late the average behaviour of a number of countries and merely reflect
ex-post equilibria of supply and demand. The model explains how those
countries have been able to fulfil the demand for various jobs and grad-
uates, given the available supply and the structure of the educational
system. It has a solution, which may be optimal, but most probably
is not optimal. The limitations in the formal structure of the model
result mainly from the assumed constancy of the elasticity coefficients
c and d . which remain unchanged whatever the prices V k and W.

There is a way to let the prices have their effect on c- and d
3 k3

by introducing elasticities of substitution and letting c. and be vari-
ables. 3 dkj

Consider the simple model

log El d1 log L1

log Ed -- d log2 2
L

1

Ed-1

Ed-2

log El - log E; -p (log V1 - log V2)

1 1
1

d
1

d--2

(6. 1)

(6. 3)

(6. 4)

which has two educational inputs, El and E2 and one occupational cate-
gory, L1.

The term p stands for the elasticity of substitution between El and

E
2

and equation (6.3) is derived from the definition of the elasticity of

substitution.
log (El/

P
log r
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Replacing r, the marginal rate of substitution, by the price ratio
V 1/V2 gives equation (6.3) and at the samc time meets the optimality

condition that marginal costs have to equal marginal revenue. In the
d s

model above, W1, Vi and V2 a.re exogenous, while El, E1 E2, E2,

d and d 2
are variables*. The solution of this model is optimal for the

1
reason mentioned earlier: we have the hidden side-relation r V, /V 2'

"marginal costs equal marginal revenue'', which is the criterion func-
tion or objective function of all neo-classical models. The model could
be easily extended so as to include more educational inputs.

We could also re-enter the funct onlogL.-...c.
3

log X and make

the c'is variable on the condition that we introduce at the same time

elasticities of substitution of the form

log (L., /L2) log (1,,/1..))
_ e c.

log (W1/W2) log (W2/W3)

What additional information does a model like 6 require compared
with Models like 1 and 2? In the first place the knowledge about the
prices W. and Vk . It has been said in section 1 that Vk can mean either

3

the yearly recurrent cost of investments in a given level and type of
education E or as the wage level of educational group Ek.

k'
Some data already exist on comparative incon-aes of persons with

"more" or "less" education. Little information is, however, available
on the earnings associated with skill levels and occupational categories.
Very few data exist on costs of alternative ways of training, especially
on the least expensive ways of training, such as part-time training and
on-the-job training. It is almost trivial to say that a comprehensive
knowledge on costs and earnings are a prerequisite for the making of
more complete and relevant educational planning models.

Next, there are the elasticities of substitution. What information
is required to estimate an elasticity of substitution as, for example, p ?
Let

1
of our illustrative model (6) refer to the skill group of mechan-

ics, let Ei be the number of years of vocational training required to

become mechanic and E 2 the corresponding number of years of on-the-

job training. Then b1 and b2 are the variable input coefficients E1/1,1

and E 2 1 . If the isoquant on Diagram 1 refers to the iso-skill curve

In condensed form the above model is

log Ei .- di log Li

log E2 d
2

log Li

d
log (/11V2)

1
- d

2
=

1 1

d. d
1 -2

log 1,1
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db1
for mechanics, then -r db2

is the marginal rate of substitution of b
1

log 1311132
for b 2 -13and is the elasticity of substitution, reflecting

log r
the curvature of the isoquant. Exceptionally, one may be able to know
the elasticity of substitution withnit knowing anything about the shape
of the curve*. Normally, however, one has to know the shape of the
iso-product or iso-skill curve in order to know the elasticity of sub-
stitution. The foregoing implies that the knowledge of which is required
to transform Models 1 and 2 into an optimizing model with variables
elasticities such as Model 6, is the same lmowledge we need to apply
the linear and nee-classical model.

Diagram 1. ELASTICITY OF SUBSTITUTION ALONG
A ISO-SKILL CURVE

bl

Indeed, determining the shape of the isoquant corresponds to finding
a set of input combinations:

b b-
2

all giving the required skill for occupation j. Once these alternative in-
put combinations are known, one can apply either an improved version
of linear Model LC or the neo-classical Model NC or the log-linear
Model 6.

The improved version of the linear model would be a linear pro-
gramming model. Saying that there are alternative ways of skill

* The estimation of the elasticity of substitution between capital. K. and labour. L, by means
of the equator::

log a constant -F log W is one of the exceptional cases referred to,, .
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acquisition corresponds to saying that are alternative vectors for every
column vector j of the transformation matrix B in Model LC.

Given these alternative combinations and given the prices V and W,
one can choose among the alternatives the set of column vectors bk.),
which minimizes the criterion function w' v' B and use the matrix B
obtained for determining the optimal inputs Ek by equation e BI.

Fol Lowing, this strategy relaxes the assumption of constant input-
output relations and makes the linear model flexible*. In a two-factor
model such as 6 the procedure outlined above would correspond to find-
ing the optimal inflection point along a kinked isoquant.

The neo-elassical approach would proceed in a very similar way:
given the shape of the isoquant, the marginal rate of substitution can
be determined**, and the optimal input coefficients b1 and b2 are those
for which -db Rib equals the price ratio 1/ /NT

1 2 2 1

However, as little information is available on costs of alternative
ways of training, as fragmentary is our knowledge on alternative ways
of skill acquisition. Up to now most of the attention was concentrated
on institutional training. Although formal training is the major input
in the process of skill acquisition, there is a realm of other important
factors, such as experience, intelligence, health, sex, language, cul-
ture, etc., which determine skill formation. Not much is known about
the imnortanee of the latter factors nor about the network of interrela-
tionship among those factors and between those factors and formal edu-
cation itself. Data collection and piecemeal engineering in those un-
explored fields are, it seems to me, essential in order to make further
progress in the broade:- area of educational planning.

* In an interesting study 0. Mehmet has used a model of this type to determine the optimal
allocation of government funds between institutional and on-the-job training. 0. Mehmet: Optimum
Choice Between Institutional and On-the-Job Adult Manpower TrainLng Activities in the RovhIce of
Ontario, mimeogaphed docural thesis. University of Toronto. 1968.

** Author of this paper has constructed empirical isoeuants of the type Fesented in Diagram 1
for a limited number of skill groups and derived the marginal rates of substitution between formal training

and on-the-job experience. in: "Formal Training and Ou-the-lob Experience as Substitutes". nil.
September, 1969.
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SKILLED KANPOWER AND GROWTH

by
Josef Steindl

1. The material used by this Report is the educational and occu-
pational structure as well as the national product per head of a cross
section of countries in approximately the same year. Economists
starved of data are happy to have such a cross section at least, and we
are grateful to the valiant efforts of the authors of this Report* who
have analysed the data with great discrimination and assiduity. The
chances of obtaining results from this information are severely limited
by the fact that it is a cross section and no more. The character of the
material has dictated the form of the question asked which is roughly:
what are the relations between educational (or occupational) structure
and the degree of complexity or advaneedness of an economy, as mea-
sured by national product per worker ? And this question, put to the
cross-section material, implies a theory that the manpower require-
ments in a certain year depend on the advance, complexity, and hence
productivity which is realized simultaneously in that country.

I do not think this is a reasonable theory. Nor will a cross-section
relation between skill densities and productivity in one year ever allow
us to differentiate effectively between supply and demand relations.
There are, to be sure, two kinds of relations between the density of,
say, graduates in a population, and the national product per head. The
one relation is based on the fact that parents invest more money and
time in the education of their children when they are better off; thus
when incomes increase the output of graduates rises a number of years
later (depending on the length of the pipeline). But the full effect on the
stock of graduates works out only over the whole span of a working life.
Thus the average lag between income (national product per worker) and
the stock or density of graduates will be about two decades plus the
length of the pipeline. This nexus may be called the supply relation.

The other nexus, the demand relation, is based on the presumed
fact that an additional usc of skilled people, under certain conditions,
will yield an increment in national product per employee. This connec-
tion is usually put in a somewhat different form: one speaks of the re-
quirements in skilled manpower of a certain (additional) national product.

Occupational rind Educational Sauctures of the Labour Force and evels of Economic

Development. Possib i and Limitations of an Internationai Comparison Approach. (OECD -

DAS/EID/69.1
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This second form of the demand nexus, properly interpreted, is equiv-
alent to the first, but it suggests rather more the idea of a straight-
forward deterministic (as opposed to a stochastic and not easily acces-
sible) formula, which in fact is realized in the form of standards used
in manpower forecasting (so many pupils per teacher, patients per doc-
tor, etc, ), which are, however, by no means identical with the (largely
unknown) actual empirical nexus between input and output. Now this
empirical demand nexus involves again a time lag. The output conse-
quent on an input in research and development will start to flow in most
cases only a good many years later, and the full benefit obtained may
extend over an even longer period. All planning activities similarly
yield their fruits only a number of years later. Even the application of
new methods (after the development stage) involves an initial investment
of skilled efforts at the start of a long production run.

Thus there is a distributed lag between input of s..10.11ed manpower
and its effect on output.

The two lagged relations: National product per worker skill
density a few decades later National product per worker perhaps 10
years later - are reflected in the cross section regressions of occupa-
tional and educational structure on simultaneous National Product, owing
to the auto-correlation of the time series, but they are inextricably mixed
up.

The Report suggests that the occupational regressions correspond
mainly to the demand nexus, and the educational regressions to the
supply nexus, and M. Malinvaud has neatly formalized this approach.

But this interpretation somehow suggests that education is of no
consequence: You dilute your manpower more or less, as the level of
activity dictates, given the supply of graduates by the educational system.
But what if the economy' s level of activity is itself strongly influenced
by the educational system' s output some time ago ? That, after all,
is the decisive question, as I see it, and the cross-section data give us
hardly even a hint of an answer.

2. But my objection against the theory tested by the Report goes
further. The theory is that skilled manpower densities are related to
the level of output per worker. I think that only part of skilled manpow-
er is related to the level of output; an appreciable part is related to the
rate of change of output. In fact a part of the input of skilled manpower
plays the same role as investment and is therefore subject to the accel-
eration principle*.

This is easy to see in the case of teachers. The stock of teachers
(corresponding to a capital stock) has to expand pari passu with the de-
mand for school places which depends on the growth of the population,
or on the speed with which analphabetism is reduced, or on the rate of
increase in school participation. The greater the growth of population
and the growth rate of school participation, the larger the requirements
of teachers. This principle can be immediately extended to industry:
A fast growing firm which has a large influx of new labour at various

* I elaborated this point some dma ago: see J. Steindl. "The Role of Manpower Forecasting in
the Educational Planning Experience of the Austrian E. P. team" Manpower Forecasting in Educational
Planning, OECD, Paris, 1965, pp. 72-'14.
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levels needs more experienced people to train the newcomers. The
great role which teaching plays in industry is increasingly appreciated;
its scope is developing and it is becoming more systematic as a conse-
quence of the quick change of technology.

More generally it has to be recognized that the concept of invest-
ment applies not only to machines and other material investment, but
to immaterial imrest,Iwnt as well, such as education and training, re-
search and development, planning and preparation of material invest-
ment.

The analogy between immaterial and material investment is obscured
by the fact that the former is not capitalized in the books and its results
are not as tangible as a machine. If we want an analogy to the material
capital stock we should have to think of a stock of know-how which has
to expand part passu with the level of productivity of the economy.

The real reason for extending the acceleration principle to these
forms of investment is not the analogy, but the observation that research
and development, planning, project-making and learning to run a new
equiwent are all complementary to material investment. Since the
material investment is related to the rate of increase in output, so is
the immaterial investment linked to it, and therefore also the corre-
sponding input of skilled manpower.

In other words: A higher rate of growth involves a quicker acqui-
sition, diffusion and application of know-how, and this requires greater
densities of highly skilled personnel,

3. The importance of the acceleration principle in educational
planning might be illustrated by a model which purports nothing more
than to show the analogy between material investment and education.

It is the Harrod-Domar relation, applied to the reproduction of

skilled manpower.

Assume that the input of skilled manpower consists of two parts,
one devoted to teaching (T), and the rest to other tasks (which might
be termed "production"). The first part corresponds to investment,
the second to consumption in Harrod' s model.

We have the following relations to determine n, the total number
of skilled people, and n' , the part of them employed in production:

1 .n = Tt K t-

n PT--t = t r nt

which means (I) By devoting a man to teaching you get 1./K skilled men
e years later (K: inverse pupil-teacher ratio, in Harrod's case capital -
output ratio). (2) The total skilled manpower consists of the part which
is employed in production, n', and the part which is devoted to teaching,
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of which one part, r nt is only reproducing the existing skilled man-
power (it is an amortization quota), and another, A T, is engaged in
expanding it. (3) a proportion a of the total skilled manpower is de-
voted to teaching (this is the "gross savings ratio").

The above system of equations can be dealt with as follows.

Fro (2) and (3) we have:

= A + r nt - a ) nTt

A Tt

K A (4)

We now put Tt (where x 1 + P P being the yearly rate
of growth). Dividing both sides of (4) by Tt and substituting we have:

so that for the rate of growth p we have the equation

9 (1 + p) e

(The growth rate of teachers is necessarily the same as that for all
skilled manpower in a smooth growth process).

(5)

This is the same as the Harrod-Domar relation in so far as the
growth rate is determined roughly by the ratio of the savings rate to
the teacher-pupil (capital-output) ratio. This result is, however, mod-
ified by the effect of the training period 6, (which is of course an ad-
verse effect) and which is the stronger the greater the rate of growth.
[The numerical growth rate must be calculated by iteration from(5)]

We might now try to take account of the fact that the non-teaching
manpower in the above model really consists of two parts: One which
aids current production, and one which contributes only to future pro-
duction, for example, R and D. If we assume, in analogy to the Harrod-
Domar model, that the R and D similar future oriented input of skilled
manpower bears a constant relation to the rate of increase in national
output, we obtain a model quite similar to the above one, the difference
being that "saving" now means a transfer of skilled men from current
production to research and development, planning, etc.

Thus it appears that the acceleration principle really works in two
stages as it were so that not only the first, but also the second derivative
of national product, influence the demand for skilled manpower.

The Harrod-rlomar models show that Some countries are in a dif-
ficult poltion when they have to build up a stock of skilled manpower,
and for this purpose must transfer skilled manpower from current

312
2 9



production to teaching. The difficulties might be very drastic, if the
build up is quick. Fortunately, it seems, the parameters of the prob-
lem are not quite rigid. The pupil-teacher ratio can increase, if we
assume that teachers are not yet fully utilized; there is, further, the
possibility of importing or borrowing skilled manpower from abroad.

The ac, ration principle, here as elsewhere, is not rigidly ap-
plicable, the existence of reserves making it strictly speaking inoper-
ative. Also the assumption of a constant capital output ratio is only a
first approximation. In a weakened form the accelerator principle re-
mains relevant, however, and the above models might have, therefore,
some didactic value*. For the educational planner, clearly, they are
insufficient, because he is not concerned with smooth growth, but with
a transition from given initial conditions to a given target. He needs
a dynamic model in which the rigid initial conditions and the time re-
quired to unfreeze them play a decisive role.

In dynamic conditions there appears, incidentally, a problem which
is foreign to the steady state growth: since some immaterial investment
such as education takes very long to mature, the waiting time will be
relevant for the planner as well as the return. In fact there will be
conflicts of interest between different generations involved.

4. From the investment character of a large part of the input of
skilled manpower it may be concluded that quickly growing economies
have greater manpower requirements than slow growing ones. Some
of the developing countries Mown in the Report as over-educated (e. g.
Graph. 111-4 p. 173, 111-12, p. 186) might in fact need this apparently
excessive manpower (e g. as teachers and for training in industry) to
facilitate their rate of growth which is bound to be large for a develop-
ing country just getting into its stride. Certainly the case of Japan
would suggest that her large rate of growth might be connected with her
large manpower requirements.

But this is certainly not the only explanation for the fact which has
been shown in the Report that different countries on the same economic
level show widely varying skill-densities. In some countries there is
disguised unemployment of skilled manpower which is sometimes the
result of outmoded forms of education (often strikingly evident in some
developing countries which have inherited from their colonial past a
class of educated people trained in humanities and ill suited for the
urgent needs of these countries while technological skills and scientists
are scarce). The Report in its conclusion points out the decisive role
of quality in the question of manpower requirements.

Avother reason for disparity is that the efficiency of skilled man-
power - or rather the effectiveness of its use may vary widely. Some
countries have considerable numbers of skilled manpower in research
and development without any corresponding results in productive achieve-
ment, owing to deficiencies in communication, organisation and man-
agement.

It nee4 hardly be mentioned that rigid complernentarity between machines and the preceding

cr accompanying immaterial investment cannot be presumed. outside a certain range, however, a
growing dispropertion between the two will lead to rapidly declining returns. The really relevant ques-
tion is where these limits are in practice.
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The manpower requirements of administration differ widely and
are influenced by rather irrational factors. There are obviously coun-
tries in which the number of civil servants employed is dictated by po-
litical considerations. It is hardly surprising, under the circumstances,
that we find vastly different patterns of employment of skilled personnel.

Again, it is well known that under certain conditions skilled man-
power can be substituted by imported know-how. There is no doubt that
at the development stage these imports play a large role. They are
based on the interests of the sellers of machinery who provide technical
aid and training of manpower. In industrial countries, on the other hand,
which compete in exporting to third markets, it seems there has to be
give and take in the exchange of technical knowledge, and a mere re-
liance on imported know-how is not compatible with this stage of devel-
opment. Since there are so many reasons for the wide disparities in
manpower patterns shown by the Report it would be rash to draw any
conclusions to the effect "that the importance of manpower is less than
has been thought".

5. Nothing in the patterns shown by the Report contradicts the
view that availability of skilled manpower of the right type (unless there
are strong institutional impediments) may actively stimulate growth.
I believe this all the more strongly since I have come to regard the
functions of skilled manpower in a new light. Those who actually prod-
uce new knowledge are a minority, and as far as they are concerned
the protagonists of a narrow intellectual elite might have a case. Owing
to the ever greater complexity of our society, however, the propagation
or diffusion of knowledge has acquired an enormous importance as com-
pared with its roduction (this offers an analogy to the increased impor-
tance of distribution as compared with production of commodities).

In order to become effective, new technical knowledge has to be
spread. This process has in the first place to reach certain strategic
points: The people who are in a position of authority and who can set
in motion a practical realization of projects which make use of the
knowledge - managers and high officials. This transmission of decisive
technical knowledge cannot be wholly organised: It remains a stochastic
proceLs to get the relevant ideas into the heads of persons who have the
power to realize them.

What can be done to facilitate this is to make the net of potential
carriers of the "infection" sufficiently dense to make it likely that some-
body will catch the new knowledge. In other words, society has to be
made conductive by the presence cf a sufficient number of interpreters
who are enabled by their training to transmit scientific information.

The function of these people may also be regarded as a kind of
teaching. This lends colour to th-h idea that teaching goes beyond the
field of the school, and that the teachers model described further above
may have a wider application.

The important thing about the interpreters or transmitters of scien-
tific information is that they must be trained, not as highly trained as
research workers are, but nevertheless mostly university trained,
which is to say they must have a good general grounding in science, they
must understand and be able tO explain, they must be able to learn and
must have a keen interest.
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It appears that broad intermediary strata of people trained in science
and technology exist in the United States and they do on the whole not
exist on the Continent of Europe. In Europe there is often a deep gap
between the engineer and scientist with a seven to ten years' university
training on the one hand, and technicians or non-graduate engineers who
have insufficient theoretical background, and are often too thinly spread
in numbers. This g.ip accounts for the relative isolation and ineffective-
ness of scientists in these countries, which finds an expression in the
stream of emigrants-

In my opinion the existence of broad and varied strata intermediary
between the highly trained research worker and the technician is mainly
responsible for the well-known ability of the Americans to use science
for practical ends (whatever we may think of these ends and the way in
which they are selected). People with training of various degrees per-
meate business and administration and the diffusion of new technical
knowledge and methods is aided by this.

It would seem to follow that the technological gap could be narrowed
at least in part 1 educational measures on the European Continent. The
provision of intermediate degree courses (of about three years for engi-
neers and scientists) which presuinably would attract large numbers of
students who are now discouraged by the excessive length and difficulty
of technical and scientific studies, would in due course make the eco-
nomy and the civil service more receptive to new ideas. The initiative
for this lies almost wholly with the educational system which by appro-
priate reforms could actively influence the development of the economy.

6. It is generally agreed that assessing manpower requiime `s
for pei.poses of educational planning is a very hard job, but what p
the real reasons ? I find mainly two. The first, more obvious L.,1 less
important, is that we often cannot gauge the effects of measures which
we may consider taking, for example the benefit to the economy of an
increased number of graduates. The second and more decisive reason
is that we have in most cases no clear idea of the targets and aims of
general economic policy to which our educational measures are to con-
form. This may not be equally true for all countries, but to a greater
or lesser extent the difficulty exists everywhere.

On point one: I think that detailed studies relating to special fields
might bring us a little further. For example, it should be possible to
apply a cost-benefit analysis to Research and Development in industry.
I think that in many big laboratories such analyses have been made, and
that the material for them must, in principle, be available in many cases
(whether it would be disclosed I cannot tell). The output of research, in
the case of laboratories which have been existing for twenty years or
more, can be seen in form of licenses, patents, prototypes, etc. The
firms will be able to assess these things at a reasonable value. However
speculative such estimates are, they will be better than equating the val-
ue of research activities to the wages paid to the scientists.

On point two: In dealing with manpower requirements we are trying
to serve a master whose pleasures we do not know. We cannot work
without aims and targets given to us by the lines of the country' s eco-
nomic policy or its economic plan. In fact we require very clear and
detailed indications of the standards of health service, the research
policy, the manpower policy of administration and industry, etc. ; with-
out such standards we are not able to reach any conclusions. But how
far does this information carry us in practice ?
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Take an example relating to medical doctors. The demand depends
on the organisation or reorganisation of the hospital service, on the
whole system of social security and health service of the country. These
things may change considerably in the next ten years. It is known that
far reaching reforms will probably take place, but nobody can tell what
they will amount to. The influence of these questions on the demand for
doctors is of extreme complexity, and it probably makes a great deal
of difference. Yet we are left in the lurch completely by our master,
the health service.

Another example relates to the demand for engineers and scientists
according to field of study. It is known that the structure of industry is
bound to change very much, and the direction of the change is known
broadly (less production of basic materials). Nobody can tell, however,
when and how quickly the changes willtake place; and nobody can tell
what goods are going to be produced to replace the output which has
become unprofitable. We do not know either, therefore, in which di-
rection the research ought to develop and how far it will be expanded.
How should we know how to please the master, industry, by an appro-
priate education planning ?

Still another example. The demand for social scientists depends
on the extent to which the public administration and the management of
firms will employ them in preference to lawyers. On a sober estimate
one can say that the employers have no idea what they will do five or
ten years later (when, often, they will have been pensioned, anyway).
Again, we have no way of pleasing our master, the public administrati n.

These examples may suffice to explain what I mean by saying that
by far the greatest and foremost trouble in educational planning is that
the people to whom we want to adapt do not know what they want from
us and are not prepared for the simplest questions.

It would follow that the future development of educational planning
will not consist in evolving magical formulae of forecasting, but rather
in establishing links of information which ensure a permanent feed-back
between education and other sectors.

7. Some people despair of manpower estimates simply because
they expect too much of them. They are upset by the prospect of large
errors in the forecasts. But this is not how we proceed in other fields.
When shooting at a flying target we do not expect to hit at the first shot.
(In fact, cybernetics has developed out of this problem). Also in the
question of manpower we shall not be able to do anything better than
firing shots repeatedly, and learning from the errors. An excess or
deficiency in supply of say medical graduates over two or three years
cannot be a major trouble, though it may be felt as an inconvenience.
But, it will be objected, the teaching capacity has to be provided many
years ahead, it is very costly and it cannot be changed afterwards.
Yes, but it is known that capacity, space as well as personnel, is in
practice elastic, just as it is in industry where demand cannot be fore-
cast exactly either. The possibility of an error of 20% will therefore
not make the forecasts.useless.

The trial and error method of planning will proceed as follows:
We estimate replacement requirements and compare them with the
expected supply of skilled manpower. The differehce will show the rate
of growth of the stock of manpower. We have to judge then whether this
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is enough, or whether we shall need much more or much less. Accord-
ing to this we take corrective action e. g. provide new capacity. When
this becomes effective we again make a new forecast of the prospective
rate of growth:

This method clearly has limits. It will be more difficult to apply
in a small country than in a large one where capacity can be increased
in small steps.

Working by trial and error naturally leads back to the idea express-
ed at the end of the last paragraph. The function of manpower require-
ments analyses, as I understand it, is to provide a link between educa-
tional planning and the rest of the economy. This link has to be perma-
nent and it must not be a one way street. Information must flow in both
directions. There must be a feed-back of information from the economy
(labour market)to the education authorities and back again.

I think that ttrase channels of infolmation and these feed-back ar-
rangements will develop in a foreseeable future, and ultimately this
will in great part be a consequence of the attempts at manpower analy-
sis, for all its defects and failures, or perhaps just because of them.
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APPENDIX

COUNTRY OBSERVATIONS AND ABBREVIA TIONS

- For the Occupational Analysis

OECD COUNTRIES

Belgium
Canada CDN

Denmark DK

France
F. R. Germany
Great Britain GE

Greece GR

Ireland IRL

Japan
Netherlands NL

Norway
Portugal
Sweden
Turkey TR

United States USA

NON-OECD COUNTRIES

Argentina
Chile
Costa Rica
Ecuador
EgYIA
El Salvador
Finland
Ghana

C3/
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RA
RCH
CR
EC
ET
ES
FL'
GH



NON-OECD COUNTRIES (Con nued)

Honduras HD

Hong Kong IIK

Hungary
Israel IL

Ja maica 3m

Korea (s) KO

Mexico MEX

Pakistan PAK

Pana ma PA

Peru PE

Philippines PI

Poland PL
Puerto Rico PR

Rumania
Sierra Leone SL

South Africa SA

Syria SYR

U ruguay
USSR USSR

Zambia

2 - For the Occupational/Educational Analysis

OECD COUNTRIES

Canada CDN

France
Greece GR

Japan
Netherlands NL

Norway
Portugal
Sweden
United States USA
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NON-OECD COUNTRIES

Argentina RA

Chile
Ecuador EC
Egypt ET
Ghana GB

Honduras HD

Hungary
Israel IL
Korea (s) KO

Pakistan PAK
Panama PA
Philippines vI
Syria SYR

Uruguay
Zambia

ASSOCIATE MEMBER COUNTRY

Yugoslavia YU
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